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Preface 


For a awiber of years, the Ballistic Research Laboratories 
of Aberdeen Proving Ground ha'TB been raaking measureiaents of the 
characteristics of projectiles, propelling charges, etc. ffiiil© 
these data are available in various Ballistic Research Labora¬ 
tories repojrts, there is no single document -^ich contains a con¬ 
cise tabulation of all the av-ailable information concerning the 
respective articles Tfhich have been subject to mcasursment. It 
nas pointed out by Colonel H. H» Zomig that the utility of the 
information nould be considerably enhanced if all acquired data 
Tflsre collected in a single document* Following Colonel Zomig* s 
suggestion, the preparation of a handbook of such engineering 
data as are available at the Ballistic Research Laboratories has 
been initiated* 


The first nvsabers written by Mr* H. F. Hitdjoock deal adth 
projectiles* Later additional series pertaining to propelling 
charges, guns, etc*, will be prepared. 


The number of an item in ihe handbod: consists of three 
parts. The first part indicates ihe caliber, e.g*, 6 in. or 
155mm; the s>(cond indicates "diether the item is a projectile, 
a propelling bhargs, or a gun; 1 denoting a projectile, 2, a 
propelling diarge, and 3, a gun. The third part indicates the 
model (Arabic) or mark number (Reman numerals). Thus 155-1-III 
refers to the IS&sa orojectile ME III tdiils 5-1-42 refers to the 
3” shell M42. 
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j for 

Sh^ AP, 20-mm, M95 
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sscTica«j 

OENSRAL 

Paragraph 

Purpose --------- — ------- — ------------ 1 

1. Purpose, The purpose of this number of the bandbcok Is to furnish a concise collecUea. of jefor- 
malicn regarding the shape, dynimJcs, ballistics and effects of tha SO-Cit '.rr.cr 5feot h?96, which 

ccntairjs a tracer composition. Some data are also given for the exiac’u. A* ■ner-plerttog Shot T9g4 
with Tracer, which is slightly different from the M85 (T9E5). This iaformstion is cotlected frcni the drsv'- 
ings, reports, and technical manuals pertaining to this ammunition. 
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FOR SHOT. AP. 7G.MM. M9S 
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SECTION n 
DESCPJPTICS? 

Paragraph 

Drawings - _2 

Dimensions - — — __ — - _ 3 

Phv'sical characteristics - - — - 4 

2. Drawings. 

Shot, AP, M95: 'vie^ril parts assembly 75-2-333 

Metal parts details 75-2-341 

Shc^, AP, T9£4: Assembly and details TA.M 130 

3. Dimensions. All dimensions below are in calibers. 


A P Shot: 

M95 

T9£4 

Band: Distance from base 

0.50 

0.5S 

Wloth 

0.25 

0.25 

Body: Length of .cytindrlcai part 

1.75 

1.93 

Lengui of ogival ■ art 

1.06 

1,03 

Da-side length -of ogival part 

0.00 

0.24 

Radius of ogival arc 

1.43 

i.46 

Total length 

3.06 

3.01 

V.'Lndshleld assembly: Length of windshield 

2.39 

1.79 

Outside length of adapter 


0.20 

Length of assembly 


1.99 

LengUb of clival part 

l.“7 

1.65 

Radius of arc 

2.29 

2.29 

Shot: Total length 

4.14 

4,18 

Bearing length 

ZSB 

1.93 

Effective ogival height 

w.Vs/ 

2.23 


4. Physical characteristics. The standard weight of L’‘s AP £r;c* Ki95 with tracer is ZOOO grains. 
Tne .measured physical ctoracterlstlcs of the l.»5 Shot without tracer and the T9E4 Shc^. with tracer are 
as follows; 


AP Shot 


M95 

T6E4 



VI/o tr 

with It 

W sight 

lb 

196^ 

20C» 

Base to center of gravity 

Cbi 

1.483 

1.474 

Axia! mcroent of Inertia 

er.ln2 

145.8 

154.5 

Transverse rco/neal of inertia 

gr.in* 

958 

957 


•? 
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RAUiSnC AND E-NCANEEBINC DATA 


i 


SECTION m 

INTEmOR BALLISTIC DATA 


Theoretical yaw in bore - ------- 

5. Theoretical yaw in bore. For th? AP Shot M95: 

Minirouat 13 min 

Maximum 22 min 

SECTION IV 

EXTERIOR BALLISTIC DATA 

Paragraph 

Aerodyrismlc data - — ---- q 

Firing table data-— — — — 7 

6. Aerodynamic data. 

a. Brag. T’.e drag coefRcient pleated <» page 5 was determined from resistance firings of the AP 
Sh<A T9E4 with Tracer at Mach numbers from 0.76 to 2.75. The data listed below were determined from 
lime-of'flight firings of the AP ShcA M95 with and withemt Tracer. 


AP Shot hf95 

With tr 

w/o tr 

Velocity (fps) 

3000 

3000 

Form factor (Projectile Type 5) i. 

1.12 

1.15 

Ballistic coefficient (Prcjectlle Type 5) 

.413 

.401 

Drag coefficient K_ 

.149 

.153 


P aragraph 
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i 



c 


« 


I 


b. Stability. letter from the director of the Ballistic Research Laboratories to the Chief of 
Ordn.'‘nct (APG 472.5/317-1821) gives data csi the stability of the AP Shot M55 without Tracer. HRL Re- 
? rt No. ^15, ''Aerodyr.amics of 20-c.m Projectiles", gives data cn t.he .stability of the AP Shot T5E’4 'wit.n S 

Tracer. 


AP Shot M35 w/o tr 

Velocity (fps) 2700 

Moment coefficient K,. 1.68 

Twist of rifling i/r< 1/25.586 

Stability factor s 2.23 


T9E4 with tr 
2750 

1-47 I 

1/25.586 

2.78 


f 


< 




































rpjii 20.I.W 
;.e 


BAUiSnC A.ND ENGINEERING DATA 


7. FliiiJg tsbls d*U. No firiEg tables have been prepared for the AP Shot M95. FI* 20AC-J-1, 

: T 20AC-K-'l, FT 20AC-L-1 and FT 20AC-M-1 tor 20-jnni Automatic Gims M2 and >43 firing JIE Shell 
T23 and HET Shell M9v give data that are approximately correct for the AP Sfecx M86 (See g.. *’''-1 -97). 
OCM items 28550 axid 28S0S recomaeiaied ai«l approved standardlzatlcai of the AP Sh<A M35. Its standard 
instrumental velocity is 27K) ^ at ^ feet from the M2 Gun. 

8ECTIOH V 
EFFECT DATA 


Paragraph 

Penetratlcm----- 8 

8. Peaetratita. The following graphs, showing the peaetratloti of armor plate by the 20-mm AP Shot 
M95, were taken from yolume m of 'Tenninai Ballistic Data*'. 
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SECTION I 
GSNEKAI. 






i. Purp-xs. The i;Hirj>c«4.* of this nuisbet' c-f the rtarid&ock is to furnish a ccasclse coUtcti x; 3f irJ^r 
mall^. regarliEg Us shavKi dynamics wrt baliistics of the SD-icas iBcetxUary She'.’, bf^t. This ir.fcrmatlot 
is collected the drawi:^ aixi reports pertaining tc this asmtjftltioti. 
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S, Dltueosions. 


Band: Distance from base 

0.50 cal 

Width 

0.25 cal 

Body: Length 

2.91 cal 

Length of cylindrical part 

2.39 cal 

Length of ogival part 

0,52 cal 

Radius cc ' rival arc 

2.54 cal 

Nose: Length 

1.17 cal 

Conical angiC 

3l‘’l2* 

Shell: Total length 

4.08 cal 

Head length 

1.69 cal 

4. Physical characterisUcs. 

Weight: Standard 

1920 grains 

Measured 

1993 grains 

Base to center of gravity 

1.553 cal 

Axial moment of inertia 

155.5 gr.to^ 

Transverse moment of inertia 

1305 gr.in^ 


SECnOK in 

IKTEWWl BALUSnC DATA 

Paragraph 

Theoretical yaw in bore - 5 

5. Theoretical jntw in bore. 

Minimum 8 min 

Maximum IS min 


SECTICa? IV 

EXTERIOR BALLISTIC DATA 


Paragraph 

Aerodynamic data - 6 

FiriTig tabic data- - - — - — - --- — — _ 7 
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20.1.% BAUJSTIC AND E^«;JNEERl^Ki DATA 

6.7 

6. Aerodjmmic d»ta. 

a. Dimg. The following values were determined from ttme-of-flight firings. 


Velocity 2800 fps 

Projectile weight 1920 gr 

Form factor (Projectile Type 5) ig 1.16 

Ballistic coefficient (Projectile Type 5) Cg .383 
Drag coefficient Kj^ .156 


b. Sfad)iUty. BRL Report No. 515, '‘Aerodynamics of 20-mm Prcjectlles", gives data on the stability 
of Incendiary Shell M96. 


Velocity 


2760 fps 

Moment coefficient 

^M 

1.09 

Twist of rifling 

1/n 

1/25.586 

Stability factor 

s 

2.80 


7, Firing table data. No firing tables have been prepared for the Incendiary Shell M96. FT 20AC-J-1, 
FI 20AC-K-1, FT 20AC-L-1 and FT 20AC-M-1 fcr 20-mni Automatic Guns Ki2 and M3 firing HE Shell T23 
and HEI Shell M97 give data that are approximately correct for the Incendiary Shell M96 (see OH 20-1-9"). 
OCM items 26550 and 26906 recommended and approved standardization of the foceadlary Shell M96. Its 
standard instrumental velocity is 2810 fps at 90 feel from the M2 Gun. 
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OXKERAL 

Paragraph 

Purpose - - --- 

1. Purp(»e. The purpose of this number of the bandbock Is to furnish a concise collection of Infor- 

. 

mation regarding the shape, dynamics, ballistics and effects of the 20-mm High Explosive Incendiary Shell 
M97 with the Point Detonating Fuze M75. This information is oollectod from the drawings, reports, firing 
tables, and technical manuals pertaining to this ammunition. 
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SECTio-v n 
DESCRIPTION 


Paragraph 


Drawings - - ------ — 2 

Dlniensloas — - — - -- — --- — ---- 3 

Physical characteristics ------ — - _ — 4 


2. Drawings. 


Shell: Metal parts assembly and details 

Fuze: Assembly 

Details 

75-2-335 

73-1-193 

73-1-194 

S. Dimensions. 


Band; Distance from base 

Width 

0.48 cal 
0.25 cal 

Body: Length of cylindrical part 

Length of ogival part 

Radius of ogival arc 

2.41 cal 
0.65 cal 
2.54 cal 

Fuze: Outside length 

Ccxilcal angle 

1.06 cal 
30*24*- 

Length: Shell 

Shell and fuze 

Ogive and fime 

3.06 cal 
4.U cal 
1.70 cal 


4. Physical characteristics. 

a. The physical characteristics of the HE Shell T23 with the FD Fuse T71E4, of which the present 
projectile is a slight mcxllficaticai, are as follows: 

Weight 52000 grains 

Base to center of gravity 1.643 cal 

Axial moment of inertia 165.6 gr.In^ 

Transverse moment of inertia 1442 gr.ln^ 

b. The standard weight of the HEI Shell M97 with the PD Fuze M75 was changed by OCM item 28550 
to 2039 grains. 
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FOR SHEJ.L HO. TO-MM, l«7 


SECTION 

JNTERKMl BALUSTK t . JfA 


Paragraph 


Stresses— - -- -- -- - — -— - — - - 5 

TheoreUcal yaw in bore - —---— - -- -- — - - 6 


5. Stresses. The following table and the graphical representatica cai page 4 show the longitadtoal, 
radial and tar^entlal stress at each of three sections; v*.? the rear comer of the band seat, (B) the front 
of Uie b?nd seat, and (C) Immediately behind the bourrelet. 


Gun, Automatic, 20-mm 

Twist of rifling 

Cross-secticmal area of bore 

Hated maximum pressure 

T'xal weight of projectile 

Muzzle velocity 

Density of filler {Incend telryl) 


M2 

1/25,586 
0,5148 sq in, 

48,000 psi 
0.2913 lb (2039 gr) 
2800 fps 

0.0505 lb per t-u in. 


Resultant Stress* 


Section 


100 psi 

A 

3 

C 

Longli.idinal 

-222 

-720 

-378 

Radial 

4474 

4-108 

4- 65 

Tangeitial 

-822 

4418 

4-234 


• + denotes tension, - dens^es compression. 


6. Theorstic«l yaw in bore. 

Minimum 
* Maximum 


8 min 
13 min 


SECTICN IV 

EXTERIOR BALLISTIC DATA 


Paragraph 


Aerodyr,amic data - ------- 7 

Firing table data; Automatic Gun M2 — —--- - — - - — 8 

Ftrir.g table data: Autoraatic Guns M3, M23 and M24 - — - -- — - -- - 9 


7. AerodynMoic data. The following data, taken from BPllistic Research Laboratory Report No. 515, 
"Aerodynamics of 20-mm Projectiles", pertafr to the KE Shell T23 {E)wg TAM 371) with the K) Fuse T71E4 
(Dwg TAM 6011: 
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BAUJsIlC AND ENGINEERING DATA 


Velocity 

u 

2800 fps 

Weight 

m 

2(XX) gr 

Form factor /Projectile Type 5) 

‘5 

1.34 

Ballistic coefficient (Projectile Type 5) 

^5 

0.404 

Drag coefficient 


0.155 

Cross Wind Force coefficient 


1.27 

Normal Force coeffielent 


1.43 

Base to Center of Pressure 

h 

2.40 cal 

Overturning Moment coefficient 

"m 

1.09 

Ratio of ccafiiclents 


1.17 

Drift functlcs) 

Q ■ 

1.49 X 10 

Yawing Moment coefficient 

'Si 

1,56 

Magnus Moment coefficient 


-0.0-05 

Twist of rifling (7* angle) 

l/n 

1/25.588 

Stability factor 

s 

2.85 


1. FlriPC tsM* dBtft. Attt«DB*Mc G«a Ma (87,52-Inch T>Ji>e). FT EOAC-J-l, FT 20AC-K-1 with 
supplement and FT 20AC-L-1. Twist of rifling; i/25.586 (7* angle), OCM Items 26550 and 28906 recom- 
meoded and apprcwed sUmdardlsatloa of the HSI Shell M97 wlta the PD Fuze M75, Its star«aai-. Jistrumental 
velocity is ffa at 90 fer^ frcaa the M2 Gun. The firing tables were computed for a projectile weight of 
2000 grains, which is that of '-',e HE Shell T23 with the FD Fuze T71E4, and a muzzle vel x:ity of 2750 fps. 

a. Tmm factor. The form factor of the 2000'grab HE Shell relative to the 20-mni AP Shct T9E4, 
whose di’tg coefflcleax is given in BRLH 20“1'96, Is i •• 0.905. 

b. ft»1liatic cocfflcieM. The ballistic soe^cisnt with respect to the drag function of the 20-mm 
AP Shot TSE4 is C - 0.510. 
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c, S^iMU^ &»tor (normal) » 2.85 

d. Dastplag coaSicleats. c'» 0.001,548,8 ft * 

c" - 0.000,097,8 ft’’ 

0 . WliMkga jump coefficienL b > 86,600 mil. fps 

-2 

i. Yaw-drag coafUcienL Kj^ - 18,4 rad 

g. Trajectory iteta. 

(1) FT 20AC-J-1 gives trajectory data for: 

(a) Present range, nearly horizontal flight, and gun flexible in elevation. 

(b) Present range. Inclined fUgnt, and gun fixed at lew elevatic®, 

(2) FT 20AC-K-1 and Its supplement give trajectotry data fts* future range, hca-Izcsital flight, ai^ 
alparound fire. 

(S) FT 2GAC-L-1 gives trajectory data for future range, horizontal and diving flight, and forward 
fire, 

9. Firing table datau Automata Guns MS, 1C23 and It24 (52.50-inch Tube T31). 

FT 20AC-K-2. Twist of rifling: 1/25.586 (7* angle). The flrir^ table was computed for a projectile 
weight of 20<x; grains, which is that of the HE Shell T23 with the ro Fuze T?IE4, ai^ a muzzle velocity of 
2680 fps. 

a. Form factor (relative to AP Shot T9S4) ! - 0.905 

b. BallisUe coeffleient (drag function of APShet T9E4) C - 0.510 

c. Stability foctor (normal) » 2.85 

d. Damping coefficients. c' » O.CX)l,543,8 

c" - 0.000,099,2 ft"’ 

e. Wiiakf^ Jump coefficient. b ■ 104,311 mil. fps 

f. Yaw-drag coefficieet. “ 16.4 rad"^ 

g. Trajectory data. FT 20AC-K~2 gives trajectory data for future range, horizontal flight and 
all-around fire. 
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ballistic and ENCUNEERINC DATA 


SECTIOIV 
EFFECT DATA 


Paragraph 

Fragmeatatioc---- — --- 10 

10. Fra^ee^ttoe. The following table, taken from Volume m of "Terminal Ballistic Data", give.s 
the casuaUies due to fragmentation of the HEX Shell M97, The initial fragment velocity is 1960 fps. 

TABLE 37 
CASUALTIES 


Average For the lightest 

Distance Total number number of effective fragment 


from burst 

of effective 

effective frag- 

Weight 

Velocity 

(ft; 

fragments 

ments per sq ft 

(oz) 

(fps) 

r 

N 

B 

m 

V 

10 

30 

0.0239 

0.024 

1570 

20 

21 

0.0042 

0.033 

IS40 

30 

15 

0.0013 

0.042 

. 1190 

40 

11 

0.0005 

0.050 

1090 

50 

10 

0.0003 

0.057 

1020 

60 

9 

0.(X)02 

0.063 

<572 

70 

8 

O.GOOl 

0.08S 

929 


7 

0.0001 

0.075 

891 
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Purbcse 


SECTION I 
GENERAL 



1. Purpose, The purpose of this number of the ha.Jbook Is to furnish a concise ccilectiim of Lnfor- 
matlcTi ri.‘gAi'aing the .shape, dynamics, ballistics and effects of the 37-m!r Armor-piercing Capped She* M51, 
which c;ti'.,\.‘.".3 a self-iestroying tracer composition. This Lnformatitm Is collected from the drawings, re¬ 
ports, firing tables, and technicai manuals pertaining to this ammunitiexj. 
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FOB SHOT. APC 37-^it M5l 


sscucgi n 


DESCmPTIOH 


itaerssiKS ------ 

hysicsl chsraclsflstics 


2. Drawing. 


‘>C<SS*V*H1v 


3, Disiensioas, 


nana.' Disiance from b3s<j 
Width 


Cyiindrissl part of body: T.^igih 


Ogival part of body: Length 

Ckjlslde length 
Hsdiiis of arc 


1,08 cal 


0,28 cal 
i.dl cal 


Cap: Length 

Outside length 
Radiiis of arc 


1.06 cal 
0,70 cal 
5.S2 cal 


V.-Uidshieid: Length 

Radius of arc 


1.5? cal 
3.92 cal 




Length; Shot body 

Shot body and cap 
Total sha 
Total ^H*e 


2.38 csl 
3.14 cal 
4,36 csl 
2.55 cal 


4- physical characteristics, '^cese 


with xniuTDed tracer cano^Ula 


Mean weight (stAndara) 
Base tc- ce.nlsr of p’avUy 
Axlrl cf liisriis 


0.4013 Ib.ln^ 


< ra;jT<erse mctnent of tner; 


•JAP m \r.d. 
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BALLISTIC AND ENGINEERING DATA 


SEC'noN in 

INTERIOR BALLISTIC DATA 


Paragraph 

Theoretical yaw in bore - -- ______ — . — —-... 5 

5. Theoretical yaw in bore. 

Minimum 13 min 

Maximum 22 min 


SECTION IV 

EXTERIOR BALLISTIC DATA 


Paragraph 


Aerodynamic data 6 

Firing table data 7 


6. Aerodynamic data. 

a. Drag. Theje data were obtained from time-of-flight firings. 


Muzzle velocity 

2900 fps 

Drag function 

^6 

Ballistic coefficient 

0.984 

Form factor 

0.92 

Drag coefficient, 

0.101 


b. Stability. Ballistic Research Laboratory Report No, 225, "Stability of 37-mm KE Shell M63, AP 
Shot M51, and Proof Projectile M52", gives the stability factors v/hich. were determined for this projectile 
at muzzle velocities of 2740 fps and 1350 fps. It was fired from the Sub-caliber Tube M1925 whose twist 
of rifling is 1/40. The Tank Gun Mb' is rifled with a twist of 1/25. 


MV 

Tvnst of 

Stability 

Moment Coef. 

fps 

RiHing 

Factor 


1350 

1/40 

1.23 


2740 

1/40 

1.18 


Avg 

1/40 

1.205 

1.35 (computed from the moments 


1/25 

3.1 

of inertia of shot with unburnt 


tracer composition and the observed 
stability factor) 
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T. Firing table data. FT 37-S-3. 

Gun, 37-mm, M6 (mounted in Light Tanks M3A3 and J45A1, by applying .suitable corrections to the 
elevation, the firing table may be used for Light Tanks M3A1 and M5 and the Light Armored Car M8). 
Twist of Rifling: 1/25. Mmtale Velocity: 2900 fps. Projectile weight: 1.92 1b. CXM items 14801 and 
14859 recommended and approved standardization of the AF Shot M51. Item 17699 changed Its designation 
to APC Shot M51. 


( 
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SECTION V 
EFFECT DATA 


Paragraph 

Penetration - --— - - —-- - — — _ 8 

b. Penetratitai. 

a. Ballistic Limits. Homogeneous armor plate. 


Plate 

Ballistic 

Number 

Thickness 

Brirjieil 

Obliquity 

Limit 

in 

inches 

Harness 

deg 

Type 

fps 

Average 

1.00 

291 

0 

.Army 

1257 

3 


286 

20 


1345 

1 


289 

30 


1396 

2 


371 

0 


1034 

4 


374 

20 


1160 

5 


364 

30 


1518 

2 


402 

0 


986 

2 


402 

20 


1141 

3 


402 

30 


1463 

2 

1.125 

306 

0 


1410 

2 

1,18 

277 

0 


1383 

11 

1.25 

246 

0 


1453 

1 


273 

0 


1388 

9 ' 


307 

0 


1333 

4 

1,50 

233 

0 


1590 

13 


269 

0 


1614 

63 


320 

0 


1639 

8 


360 

0 


1572 

2 


360 

20 


1724 

2 

1.75 

273 

0 


1775 

1 


274 

20 


1744 

5 


242 

0 


1360 

2 


242 

20 


2036 

2 


274 

0 


2006 

14 


269 

20 


2062 

1 

a 


317 

0 


1990 

8 


325 

20 


2182 

4 

2.50 

324 

y 


2308 

2 

0.625 

363 

0 

Navy 

1231 

1 

0.875 

392 

v' 


1943 

2 


417 

0 


1921 

2 

1,00 

— 

29 


1544 

1 


— 

46.33 


1986 

1 

* 

276 

A 


1583 

25 


SI 8 

0 


1645 

n 

1 

1.75 

— 

V 


1552 

1 

2.00 

--- 

•of 


1748 

7 












ballistic and 


.AlUstic Limits. Face-hardened araor plate. 


Plate 

BalUstlc 

Nur’ber 

Thickness 

Obliquity 

Limit 

in 

Inches 



Average 

0.75 

0 

Army 1449 

14 


25 

1038 

4 

1.00 

0 

1023 

11 


20 

1148 

4 


30 

1298 

7 


40 

1539 

e 

1.50 

0 

1656 

30 


20 

2011 

12 

0.50 

0 

Navy 1003 

3 

0.625 

0 

1460 

1 

1.00 

0 

1384 

8 


20 

1298 

5 


29 

1490 

1 


30 

1394 

5 


40 

1549 

3 


46.43 

1831 

1 

1.50 

0 

1871 

11 


20 

1991 

14 


30 

2057 

8 


iilnerability of German tanks. The following data oi vulnerability of German 
pfwagen) to APC Shot M51, fired from the 37-mm Tank Gun M6 at a muzzle v 
re taken from TM 9-1907, "Ballistic Data, Performance of Ammuniticsi". 


Maximum Vulnerable Range - Yards 


Tank fvlodel 

m 

r w ~ 

VI 

Attack 1 

Angle - deg 

0 

25 

r% 

25 


Frontal 

Turret Sides 


950 

2590 

950 

1 lU 


Turret Frcsit 


BSI 

1170 


— 

Flank 

Turret Rear 

2970 

1500 

2970 

1340 

11 


Turret Sides 

•2590 

9*^0 

2590 

950 

1 “ n 

4 Lv 


Turret Front 

1200 


1170 




Upper Hull Sides 

3200 

1730 


1 '7-1^ 

A ' wV 

< T *•- 

L l\J 


Lower Hull Sides 

3200 

1730 

3200 

L f 

370 1 

Rear 

Turret Rear 

2970 

1500 

2’»70 

1343 

1 ? 1 

4 iU 1 


Turret Sides 

2590 

950 

1170 


4 i- w 


Turret Front 

1200 

-- 

U70 




Upper Hull Rear 

1460 


*4Q^.r\ 

3940 


>^■-1 I, .1,, 

hO'ffST Hull Rear 

1530 

— 

3800 

394D 

10 






















































., rawiaaariniaMM**jalfmiKMVBi 

■■■■■■inMiiimiaMBiiafaaBiiiaiiiMavMaai^BiEaaiiar 
aaaia aiiiaft Mw iaa».>PM»«g«ij«»«aa—^'^pwg*aaai 

irmSaaMi 
iriaaia 



fsKSlilj 

iSt 

Ma_ 

iiiBaaaafii 
-'-aaaiai 


BaMaaaaBnaaai 

I- 



naamaa 

''iBaaaaB 


aai 


iS'iaaaai 


BBBBaBiiaBtiaBaaaaaaaariBBBBaaaBBBBariaBaar^ _ 
BBaBBB}IBB>tBBIiaaBilBB«BBBBrBBBa8ajrMBBBVlBBaBBaaBai 

---iBVBaBaa'jaaBiiBnfBBia^BBBiBBiaaBi 

■rjBiaBBaiaBBaBBBaaBBaaKaaBBBBi 
____.^BBBBBfiiiiBBa'MBairiBBBiBBaaB— 

_HBBatiBBttBBaM«iiiB«<Baaai^nar>|iiiamBBBaBi 

BBBBBBBiiiBBMBaBBifaBBaniaaBBaBaBBMiainBaaBiBi 






laaaaai 

iBBaaBii_____ 

--litanavflaaBfiBM'i 

"‘-'"■■BiBBBBaaBi. 
-TBBar^aBi 





mmm 


ItB^niB^ 
„jiiBaifiaf/ 

Si'll— 

Biiiifii_^ 

—itiarjaan 
B-faiKiai 














































BRLH 3M-54 


1 


BaillsUc Research Laboratories 
Handbook of Baiiistic and 
Engineering Data for AmmuniUoa, 
No, 37-1-54 


Ballistic Research Lab, 
Aberdeen Prc/ing Ground, 
Maryland. 

18 February 1949 


BALLISTIC AND ENGDIEERING DATA 
for 
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and 
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SECTION n 
DESCRIPTION 


Paragraph 

rawings - - ----- ..... 2 

iniensicxis - ___ .... __ 3 

hysical characteristics - — — — _ ....... 4 

2. Drawings. 


Shell: Metai parts assembly and details 75-2-279 

Leading assembly and details 75-14-225 

Fuze: .Assembly 73-2-158 

Details 73-2-159. 

160, 161 ' 

3. Dimensio.ns. 

Boaltall: Angle 9°00' 

Length 0.94 cal 

Ba-nd: Distance from boattail 0,34 cal 

Distance from base 1,25 cal 

OM cal 

Cylindrical body: Length 1,21 cal 

Ogive: Length 0,67 cal 

Radius of arc 4,32 cal 

Fuze: Outside length j ,20 cal 

Length: Shell 2 S2 cal 

Shell aTKl fuze 4 Qg ,-al 

Ogive and fuze 1 *37 cgi 


4. Physical characteristics. 


Mean wevg.ht (standard) 

Base to center of gravity 
-Axial moment of Inertia* 
Trar^sverse mement of inertia* 


'’Measured with the KE -She 
m edification of the HE Shell T12. ' 
for a scre-A’ with a flat head about; 


H T12 and alumLiun 
The PD Fuze M56 h: 
).6 inch in diameter 



0.3724 

2.470 



ruze ij J 


HE Shell M64 i 


same cc-nt.-wr aa the Lummy Fuze 
CTvintersuj-rf Ln the Mb6 Fuze. 


1 slight 
3.'. excepi 
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A S 




diagram of resultant stres^s 


4 
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SECTIC»f m 

IHTEPJOa BALLISTIC DATj 


Stresses 

Theoreti 


licai yaw in core ------- 

5. Stresses. The followOig tabl 


■wOig table and the p'aphical reprcsentatiot w; 


adlal and 
f the bsn 


tangential stress at eath of two sectic«is. 


Gnn, Aulcmatlc (antiaircrsitl, 
Twist ot rifiir^ 

Cross-sect!« 2 aI area cf bore 
K sd msximsira pressure 
7^1 weight of prc^ectile 
Munale velocity 
DefiSity af filler (tctryi- 




1.722 sq is. 
30.C00 psl 
i.34 lb 
230C fps 
0.04SS Ib per 


Resultant Struts* 


Sectica 

iOO tsi 

A 

B 

LcngitiKiLial 

-233 

.6«3 

RsdlHl 

>581 

- 5? 

Tangential 

-379 

*363 


* denotes tension, - denotes compression. 
6. Theoretical yav? in bore. 


MaKfir.u.T, 


= mLn 
1? min 


SECTICS* IV 

EXTEPJOR BALLETIC DATA 


rsiynami: data 

rii^ Ucl# data: 
rin? istls dsts. 


otic Guns M-j and Ml: 
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7. Aerodynamic data. The drag coefficient plotted on page 6 and the aerodynamic data tabulated 
below were taken from Ballistic Research Laboratory Reports No. 354 and 357, "Aerodynamics of 37-mm 
HE Shell M54" and "Damping of Calibers 0.30 and 0.50 Bullets and 37-mm HE Shell". The time of flight, 
drift, and yaw firings were conducted with .r.e HE Shell 1.154 and the it) Fuze M56 without the detonator. 


Veicclly 

u 

2000 fps 

Drag coefficient 


0.161 

Cross Wind Force coefficient 


0.98 

Normal Force coefficient 

^N 

1.14 

Base to Center of Pressure 

h 

3.20 cal 

O'/erturning Moment coefficient 

^M 

1.89 

Ratio of coefficients 


0.518 

Drift function 


13.0 X 10'® 

Yawing Moment coefficient 

^'h 

3.16 

Magnus Moment coeificlenl 

Kj 

-0,19 

Twist of Rifling 

1/n 

1/30 1/25 

Stability factor 

s 

1.66 2.39 


8. Firing table data. Automatic Gun M1A2. (Antiaircra ft) 

FT 37.A.A-'N-2. Twist of riflirig; 1/30. Muzzle velocl.y; 2500 fps (the sta.ndard muzzle velocity 
for a new gun is 26DC fps). OCM items 15811 and 15866 recommended ana approved standardization of 
the HE Shell 1,154 and PD Fuze M56 in the Automatic Gur, M1.A2. 


i- = 0.92 
0 

(SO 


a. Form factor (Proj Type 5). 

b. Ballistic coefficient (Proj Type 5). Cg 

c. Trajectory data. Trajectory and time curves for a muzzle velocity of 250*0 fps are git 
the trajectory chart, which Is appended • '■ the firing tables. 




Maximu. nor'zontai range 
Maximum ordinate 


8875 yd 
6200 yd 
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BALUSTIC AND ENGINEERING DATA 


9. Firing table data. Automatic Guns M4 and MlO (Alrcrait). 

FT 37AC-AO-1 and FT 37AC-AX-i. Twist of rifling: 1/25. Muzzle velocity: 2CCO fps. The MlO 
Gun is a modification of the M4 Gun, with a disLntegrating belt feed. CCM items 15811 and 15866 recommendect 
and approved standaridzatlon of the HE Shell M54 and PD Fuze MSS in the Automatic Gun M4. 

a. Form factor. The form factor of the HE Shell M54 with PD Faze MSS relative to Its own drag 
function is i = 1.00. 

b. Ballistic coefficient. The ballistic coefficient of this 1.34-lb projectile relative to its own drag 
function is C = 0.631. The drag coefficient curve is shown on page 6. The ‘drag functiai' to which 

FT 37AC-AO-1 refers is G/0.531: the ballistic coefficient relative to this function is 1.00. 


c. Stability factor (normal). 


d. Damping coefficients. 


e. Wbuiage jump coefficient. 

f. Yaw-drag coefficient. 


c* = 0.001,72 ii’\ 
c" = 0.000,066 

b = 38,000 mil. fps 

K,.,, = 16.4 rad-2 
uo 


g. Trajectory data. FT 37AC-A0-1 gives time of flight and vertical and lateral deflections for 
all-around fire from a gun moimted in aircraft in horizontal flight. FT 37AC-AX-1 gives similar data 
for limited ^-e from a gun m ximed in aircraft in horizontal flight, with corrections for a dive angle of 
300 mil". 

'. Firing table data. Automatic Gun M9 (Aircraft). 

37AC-BF-1 and FT 3''.AC-BL-1. Twist of rifling; 1/30. Muzzle velocity: 2550 fps (the stan- 
„ J miizzla velocity for a new gun is 2300 fps), CCM items 15811 a.nd 15866 reoomrae.nded and approved 
.standardizatlcn of the HE Shell M54 na PD Fuze M56 in aircraft guns. 

a. Form factor. The form factor of the HE Shell M54 with ?D Fuze .M56 relative to its cwn drag 
function Is i * 1.00, 

b. Ballistic coefficient. The ballistic coefficient of this 1.34-;t projectile relative lo its own brag 
functlcn is G = J.631. The drag coefficient carve is shawn on page 3. The ‘drag function’ to which 

FT 37 Ar.ar.i refers is G/0.63i: the ballistic coefneient relative lO inis function is 1.00. 
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c. Stability factor (normal). 

d. Dampmg coefficients. 

e. Windage jump coefficient. 


s = 1.66 
s 

c‘ - 0,001,72 
c' = 0.000,066 

i 

b = 40,375 mil. fps ' 


.9 

f. Yaw-drag coefficient. = 16.4 rad 

g. Trajectory data. FT 37AC-BF-1 gives time cf flight and vertical and lateral deflections for 
all-around fire from a gun mounted in aircraft in horizontal flight. FT 37AC-EL-1 gives time of flight, 
gun elevation, and lateral defection for forward fire from a gun mounted In aircraft in horizontal flight. 


section V 
EFFECT DATA 


Fragmentation 


Paragraph 
- 11 


11. Fragmentation. Firing Record F36686 gives the results of a fragmentation test of three HE 
Shell M54 with a modified ?D Fuze M56, conducted at Aberdeen Proving Ground. Two semi-circular 
panels 6 feet high were made of pine boards with a nominal thickness of 1 Inch: panel A had a radius of 
ID feet; panel E, 20 feet. Each shell v;as suspended at the common center of the circular arcs in a plane 
bisecting the panels with its axis horizontal and directed to-.vard the edges of the panels. The shell v/ere 
detonated statically. The velocity of some of the fragments v/as measured at a distance of 10 feet. The 
namber of perforations and penetrations in each board were C'Ou.nted. The following table gives the ve¬ 
locity in each spray and the number of perforations and penelratior.s in each panel. 


Round Velocity - fps Perforations Penetratior.s 


No. 

Side 

Nose 

Tall 

A 

3 

Total 

A H 

Total 

1 

3160 

1460 


21 

11 

32 

157 63 

220 

2 

2520 

— - 

1900 

41 

12 

53 

ISl 119 

A 
wA U 

3 


730 

1330 

30 

16 

46 

93 108 

C\}\. 


9 
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SECTION I 
GENERAL 

Paragraph 

Purpose - - — - -- ........... 1 

1. Purpose. The purpose of this number of the handbook Is to furnish a ccacise coUecticc of infor 
maticxi regarding the shape, dynamics, ballistics and effects of the 37-mm Armor-piercing Capped Shs^ 
M59, which contains a seU-destroying Irac^NCOmposltlcai. This information is collected from the draw- 
hags, reports, firing tables, and technical manuals pertaining to this ammunili<m. 


1 
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SECTIW n 
DESCRIPTION 


Drawing----- 

Dimensions - -- -- — — 

Physical characteristics - — - — — - 

2. Drawing. 

Shot: Metal parts assembly and detail 

3. Dimensioos. 

Band: Distance from base 
Width 

Cylindrical part of body: Length 

Ogival part of body: Length 

Outside length 
Radius of arc 


Cap: Length 

Length of ogival part 
Radius of arc 
Vertical angle 

Length: Shot body 
Total ogive 
T<Aal projectile 

4. Physical cltaracterlsUcs. 

Weight (standard) 

Base to center of gravity 
Axial moment of inertia 
Transverse moment of inertia 


F>aragraph 


75-2-289 


0.40 cal 
0.50 cal 

1.80 cal 

1.09 cal 
0.28 cal 
1.61 cal 

1.06 cal 
0,84 cal 
8.92 cal 
120 * 

2.89 cal 
1.34 cal 
3.14 cal 


1.91 lb 
1,450 cal 
0,4835 Ib-in*^ 
3.Ji5 Ib.Ln^ 


SECTION m 

INTSIUOR BALLiSnC DATA 


jS 


i 


Paragraph 
5 

9 


Minimum 13 ir.ln 

Maxlmun; 22 aiin 


Theoretical yaw Ln bore - - - - - 
5. Ilieoretlcal yaw In bore. 


f 


3 


CO (>. 













4 
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Paragraph 


Aerodynamic data - — - -- —-— ...... -- q 

Firing table data: Automatic Gun, M1A2 - --- — - -- -- - 7 

Firing table data: Automatic Gun M9 - -- -- -- - — - -- — — 3 


6. Aerodynamic data. The drag coefficient plotted on page 4 was determined from resistance firings 
of the APC Shot M59 without tracer at Mach numbers from 1.1 to 2.25. The other data listed below were 
taken from Ballistic Research Laboratory Report No. 43&, "Yaw and Drift of 37-mm Armor-piercing Shots", 
and pertain to M59 Sh<* with tracer. 


Velocity 

u 

2800 fps 

Drag coefficient 


0.396 

Cross Wind Force coefflcient 

^L 

0.093 

Normal Force Ci»fficient 


0.489 

Ease to Center of Pressure 

h 

1.96 cal . 

Overturnir.g Moment coefficient 

Km 

0.250 

Ratio of coefficients 

V^M 

0.37 

Drift functicai 


4.7 a 10”® 

YawiTig Moment coefficient 

Kr 

1.62 

Magnus Moment coefflcient 


-Q.125 

Twist of rifling 

i/B 

1/30 

Stability factor 

3 

12.15 


7. Firing table data. Automatic Gus M1A2 (Antiaircraft). 

FT 37AA-N-2, Cl. Twist of rifling; 1/30. Muzzle veio-;:-?; 2050 fps. OCM items 16088 arrf 16144 
recommended and approved standardlzatica of the .AP Shot M59 in the Automatic Gun M1A2. OCM item 
17699 changed its designation from AP to AFC. 
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i. Firing table data. Automatic Gun (Aircralt). 

Fr 37AC-BC-1- Twist ox rmisg; 1/30. JAazle velocity: 2800 fps. CXIM items 2095.5 and 21241 
rscommended and apprc/ed authorizslicsi for using the APC She* M59 in the Automatic Gun US. 

a. Ballistic cceOicieBt. The firing table was computed with a ballistic coefficienx of unity with 
respect to Uie modified Space and Time functions: 



o 


H.2E 


- 1 ), 


where and Ig are the Time and Inclinatico fuaoUssis based on G^. This is @juivaler.t to ta king the 
ballistic coefficient relative to PrcjectUe Type 6 inversely propcrtiKial to the velocity, 

b. Trajectory data. The firing table gives trajectory data for firing forward from an airplane. 
Data for all-around fire are cert. required at present. 


SECTION V 
EFFECT DATA 


Paragraph 

Penelratlox 9 

9. PeaetraUwi. The following graphs, showing the penetratjoc of armor plate by the 37-mm APC 
Shot }.^9, were taken from V olume HI of "Terminal Ballistic Data”. 
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SECTION 1 
GENERAL 

Paragraph 

.. 1 

1 . Purpose. The purpose of this number of the handbook Ls to furnish a concise collection of infor- 
•mation regardng the sr.ape, dynamics, ballistics and effects of the 37-mm Arm or-piercing Shot M80, which 
coniams a seif-destroying tracer composlticn. This information is collected from the drawings, reports, 
firing tables, and technical manuals pertaining to this ammunitiai. 


1 




















FOR SHOT. AP. 37.MM. MdO 


BRLH 37-1-80 
2-5 


SECTION n 
DESCRIPTIC»J 


Paragraph 


Drawing - — - - — - -- — 2 

Diinensi(25s - --- — - — - - — __ 3 

Physical characteristics- - 4 


2. Drawing. 

Shot; Metal parts assembly and details 

75-2-310 

3. Dimensions. 

Band: Distance from base 

0.40 cal 

Width 

0,50 cal 

Cylindrical part of body: Length 

1.80 cal 

Cgive: Length 

1.09 cal 

Radius of arc 

1,61 cal 

Shot: Length 

2.89 cal 

4, Physical characteristics. 

Weight (standard) 

1.68 lb 

Base to center of gravity 

1,268 cal „ 

Axial moment of inertia 

0,4150 Ib.ln'^ 

Transverse moment of inertia 

1.963 lb,ln2 


SECTION m 

INTERIOR BALLISTIC DATA 


Paragraph 

Theoretical yaw in bore - 5 

5. Theoretical yaw in bore. 

Minimum 1?, min 

Maximum 22 rnin 
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FOR SHOT. AP. 37.MM. K«0 


BRUI V. 
t.1 


SECTION IV 

EXTERIOR BALLISTIC DATA 


Par 


agrapr 


Aerodynamic data - - — - -- 

Firing table data; Automatic Guns M4 and LilO - . .. 7 

Firing table data: Automatic Gun M9 - g 

5. Aerodynamic data The drag coefficient plotted on page 4 was determined from resmta-noe 
of the AP Shot M80 with Tracer at Mach numbers from 1.1 to 2.5. The other data listed telo-A were tal- 
from Ballistic Research Laboratory Report No. 438, "Yaw and Drift of 37-mm Armor-piercing 3.nots". 


Velocity (fpsl 

u 

1550 

3050 

Drag coefficient 

S 

0.259 

0.228 

Cross V.'ind Force coefficient 

"L 


0.1-38 

Normal Force cosfficie.nt 



0.416 

Base to Center of Pressure 

h (cal) 


2,45 

C'/erturning Moment coefficient 

^M 

0.613 

0.497 

Ratio of coefficients 



0.37S 

Drift fu.nction 

Q * K^/Kj^u2 


4.07 X 10 

Yav’ing Moment coefficient 



2.53 

Mag.nus Mome.nt coefficient 



-0.26 

Twist of Rifling 

1 /*' 

1/25 

1/30 

CtacilUy factor 

s 

9.5 

8,785 

7. Firing table data: Automatic Guns M4 and MIO (Aircraft). 


FT 3'^AC-AT-i. Twist of rifling: 

: 1/25. Muzzle velocity: 

■ 177E 

, The Ml 0 Gun is 

vl4 Gun, wltli a disintegrating celt 

feed. OCM Items 17439 

a.nd 17532 

recommended an; 


-P 


-s is a modifl: 


standaraization of tne .AP Shot M80 in the Automatic Gun fv'4 with a muzzle velocity cf I65 j ^ps. ’■ 

2:358 and 21239 recommended and approved Increasing the standard .muzzle velocity from 165: t. 
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BALUSTIC and E^^G!NEER!NC DATA 


a. Form factojf. The form factor of the AP Shot ISO relative to its c5v,'n drag function is i = 1.00. 
The drag coefficient sur/e is shown on page 4. 


b. Ballistic coefficient. 

c. Stability factor (normal). 

d. Damping coefficients. 


e. Windage Jump coefficient. 

f. Yaw-drag coefficient. 


C = 0.732 
« 6.785 

c' » 0.001,577,4 ft'^ 
c" =. 0,000,087,0 ff* 

b * £0,200 mil. fps 


f. Yaw-drag coefficient. = 16.4 rad 

g. Trajectory data. The firing table gives lime of Hight and vertical and lateral aeflectic.ns with the 
argument true air speed, zenith angle (800 to 2400 mils), azimuth (6300, eOCO, 0, 400 and 300 mils!, and 
Mure range fcr horizontal flight in air of standard surface density. 

8. Firing table data: Automatic Gun M9 (Aircraft). 

FT 3'7AC~AW-1, ft 37AC-BD-1, and FT 37AC-3E-1. Twist of rifling: 1/30. Muzzle velocity; 

2950 fps. OCM Items 20955 and 21241 recommended and approved authorization for usLng the AP ChU .MSI 
in the Automatic Gun M3 with a standard muzzle velocity of 3050 fps. 

a* Form factor. The form factor of the APShcl MSO relative to its own drag function Is i » 1.00. 
The drag coefficient curve is shown on page 4. 

b. Ballistic coefficient. C » 0.782 


c. Stability factor (normal) 

d. Damping coefficients. 


e. Windage jump coefficient. 

f. Yaw-drag coefficient. 

g. Trajectory data. 


s s 6.785 


c' = C.001,577,4 ft. 
c" = O.OaO,075,9 ft'‘ 

b = 28,000 mil. fps 

= 15.4 rad 


(1) rT u 7AC-AV/-I gives time of flight, elevatim, and lateral deflection with the ^srsumer.ts air 
density ratio, true air speed, and fu'ure range for norlzc.ntai f.ight, zero azimuth, and Impact ;n the ncrl- 
zontal plane thru the Ikie of flight. 


I 
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(2) FT 37ac;- 3D-1 gives lime of flight and vertical and lateral deflections with the arguments 
true air speed, zenith angle {6CX3 to 2400 mils), azimuth (5600, 6000, 0, 400 and 800 mils), and future range 
for horizontal flight in air of standard surface density. 

(3) FT 37AC-BE-1 gives lime of flight and vertical defiection tvitn the arguments true air speed, 
dive angle (0, 200 and 4X’ mils), and present range for firing forward from an airplane in air of standard 
surface density. 


SECTION V 
EFFECT DATA 

Paragraph 

Penetration - -- -- -- -- -- -- -- -- -- -- -- -- -- -- - 9 

9, Penetration, 
a. Ballistic limits. 



Homogeneous Plate 

Ballistic 

Number 

Thickness 

Brlnnell 

Obliquity 

Limit 

in 

Inches 

number 

deg 

Type 

M 

Average 

0.76 

317 

0 

Navy 

1159 

4 

0.75 

366 

0 

Navy 

1093 

3 

1.00 

327 

0 

Nav7 

1288 

6 

1.00 

389 

U 

Navy 

1251 

1 

1.00 

401 

0 

Nav7 

1203 

1 
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Ballistic Research Laboratories 
Handbook of Ballistic and 
Engineering Data for Anunurdtion, 
No. 40-1-2 


BALLISTIC AND ENGINEERING DATA 
for 

Shell, HE. 40-mm, Mark 2 
with 


Ballistic Research Lab. 
Aberdeen Provlr^ Ground, 
Maryland. 

1 March 1949 


Tracer, 3D, Mark 11, Mark 11 Mod 2, M3 or M3A1 
and 


Fuze, PD, Mark 27 or M7i 


Section Paragraph-s 

I General-——- 1 

IT Description- 2-4 

III Interior ballistic data ——— 5-6 

IV Exterior ballistic data- 7-8 

V Effect data.-. 9 


SECTION J 
GENERAL 

Paragraph 

Purpose -- ........ 1 

1. Purpose, The purpose of this number of the handbook Is to furnish a concise collection of Infor¬ 
mation regarding the shape, dynamics and ballistics of the 40-mm High Explosive Shell Mark 2 wiLh Shell - 
destroying Tracer Mark 11, Mark 11 Modliicaticsi 2, M3 or M3A1 and Point Detonating Fuze 14ark 2? or 
M71. Tnis information Is coliected from the arawings, reports and firing tables pertaining to this ammu¬ 
nition. 





















FOR SKEiL HE, 4aMM MARK 2 
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SECTION n 
DESCRIPTION 


Drawings --- 

Dteensio.ns 

Physicru chai acterist'.cs • 


2 , Drawings. 

Shell: Metal parts assembly sjid c.,.-taUs 
Tracer, SD, Mark li (Navy BuOrd) 

Tracer, SD, Mark 1! Mod 2 (Navy BuOrd) 

Tracer, SD, M3 or M3A1 

FuEe, Detonating, Mark 27; General arrangement 
and details (Navy BuOrd) 

Fuze, PD, Nri; Assembly 
Cartridge. HE-T (SD, Kft 115, Mark 2; Assembly 
and marking diagram 

3. Dimensions. 


76-2-293 

3S4.440 

423,429 

75-17-7 

300,423 

73-2-201 

75-1-168 


paragraph 


Boattaii; 

Angle 

8*(X)’ 


Length 

0,57 cai 

Band; 

Distance from boattaii 

0,5C cal 


Distance from base 

1.07 cal 


7/idth 

0.40 cal 

Cylindrical body: Length 

2.<X) cal 

Head; 

Angle 

7®30' 


Length 

0.69 cal 

Tracer; 

Outside length 

0.35 cai 

Fuzp; 

Ot’slde length 

1.20 cai 

Length: 

Shell 

U.26 cal 


Shell arul hize 

4.46 cal 


Shell, tracer and fuze 

4,SI cal 


Head ar.d fuze 

1,89 cal 

4, Physical characteristics, standard weight; 1,965 lb. 

Tlie foUcw 

shell with 

wooden tracer plug and Dummy F'ize T34, 


W eight 


1,3235 lb 

Base to c 

enter of gravity 

1.566 cal 

Axial mo; 

ment of inertia 

0.6298 lb. 

Transverse moment of inertia 

4.955 lb. 1 
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aALUS7K A-ND DCJ.NEOJJNG DATA 



SECTION 

8 


+469 


./ 


j LONG}TUOINAL 


AXES CF RESULTANT STRESS 


0IAGRA^M OF RESULTANT STTttSSES 
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SECTION m 

lNTERIC«t BALLISTIC DATA 


Stresses - - - — - - 
Theoretical yaw in bore 


Paragraph 

5 


Et Stresses. The followir.g table and the graphical representation on page 4 show the longitudinal, 


radial and tangential stress at the front end of the band seat. 



Gun, /'Utomatic, 40-mm 

Ml and M2 

Travel to maximum pressure 

8.8 

in. 

Twist of rifling at max P 

1/42.4 


Cross-sectional area ol bore 

2.0323 

sq in. 

Rated maximum pressure 

40,000 

psi 

Total weight of projectile 

l.«85 

lb 

Muzzle velocity 

2,870 

fps 

Density of fUler {TNTl 

0.057 

lb per cu in. 

Resultant stress: 



Longitudinal 

58,800 

' psi (compre! 

Ridial 

1,900 

psi (tension) 

Tangential 

46,900 

psi (tension) 


3. Theoretical ja 2 ? la here. 


Mir.bauci 

Maximum 


20 min 
26 min 


8BCT1CN IV 

EXTSRIOR BALLISTIC D.'TA 


Paragra^ 

Aerc.jyniiin1c data — - 7 

Firing u.hle data — — — --- — . — 8 

7. Aerodynamic data, 
a. Drag. 

(IJ lime-ot-iH^nt ftringi,. 40-mm HE Shell Mark 2. 


Face 

Tracer 

Velocity 

frs 

Drag 

Function 

Form 

Factor 

Drag 

Coa'., 

L64A1 

M3 

2867 


.952 

.128 

k,!k 29 

Mk 11 

23B6 


.927 

.124 
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__ _JfliBBBBBBBaBBBBBBBBBBaBBBBBaBBBBBBaaaBBiaBBBBBBBaBaBaa 

flaBfiBaBBaBaaaaBiaaaaaBaaBaaBBBBaaaaBaiBBBaaaBaBBaaaaBBiBBiBBaaaaBBaBB 
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IBBBaBaaaBBBBBBBaBBaBBBBBiBaBiaaaBiaaBBBBBBBBBBBBBaaBaaBaBBBaBBBflBaBaBB 
iBBaBaBaaaaaBBBBBBaaBBfBBBBBBflBflBaiaaaBaaaaBBBBaBBBBiBaBBBBBBBBBBBBBBai 
laBBBaaBBBBBBaBBaBaBaBBBBBBaBBiiiaiaBBaBaBaBBaBBBaaaaBBaaBBBaBBBaaBaBBB 
iBBBBBBaaaBBaaBBBBiBBBBBaBBBBBBlEBBBBBBBBiBBBBlar- 

5 BBBBBaBBBaBBBaBBiBBBaaaBBBBBaBBaBBBBiaBEar - 

BBBBBBBBaaaBBBBBBBBBBBBar ' 

'BBaBaaaaBBBBBBaBBBBBBBBBr- 


laBBBaaBBBBBaBBBBBBBaaaB 


IBBBBBaBBaBBBBBaBBaaBBBBBBBBaaBaBBBBBBBBBaBBBBB 
laBBBBiBBaBBBBiBBBBaaBBBBBBaaaBaBBBaBBBBBBBaaBa 
'aBaBaaaaBaBBBBaBBBBBBBBaaBBBBaaaBaBaiaBBBBaaBBaBBBaaaBBaBaBBpBBBBBapBa 
tBBBBBBBflBBiaBBBBBBiBaBBBBBBaBaaBBBBaaBaBaiBaBBBBBBBaaaBBBaBBaaaaaBmi— 
BBBBBBBiBadaaBBBaBaaBBBBiBaaaBiBBBBBBBBBBiBBBBaBBBBBBBBaBBaBBBBBBBBil 
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iBBBBBBBBiBaiaBBaaSaBBBBBBBBaiBBBBiaBBaBBBaBaa: 


__BB 

■BBBBBBBBBBBBBaaBBBaBaa 
BBBBBflaBBBBBBaBiaaaBBBaaBj 


aBBBBiaBaaBBBBaaaaBBBBBBBaBBBBBBBBi 



iBBBBBBBBBBBBBBBaaBBBBBBBBBBBBB 


BaBBfBBaBBaaBBaBBBBaflaaBBBBaaafBi 

-BBBBaiBBBaaiBiaiiiaBBiBaiiiii) 

aaBBaiaBBBBaBiaaiBaaaaaBMBgN 
BBBBBBBBBBaBBBBilBaiBBair— 
BBBBaBBaBBBBBBBBaBaiBaiai 


laBBaB 

BBBiaBBBBBBBaBBBBBBBBBBBai ... . 
BBBBiBBBBBBBBBaBaBaaBBiiaBaBai 
BBBBiiBBBBBBBBBBBBBBfll- 

S BBaBaBBBBBlBBBBiiBg 
BBBBBBBBBBiBaBaaaB 
aBBBBaBBaaaBaBBBBB; 
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b. 8tabtltt]r. Ballistic Rasaarch Laboratory Report No. ZS>2, ‘^tabill^ of 40-mm Shell lylark 
n T/L/", gives aerody.-«amic data for inert-loaded shell with Dummy Fuze T34. A wooden plug was Inserted 
in the tracer cavity, but it came out when the shell was fired. The stability firings were done with a Bofors 
Gun containing a tube that was rifled with a final twist of 1/90* 


Velocity 

Mach 

Stability 

Mommtt 

_ 

No. 

Factor 

Coefficient 

1200 

1.042 

1.^ 

1.85 

2890 

2.514 

1.48 

1.54 


8. liriag table data. FT40AA-A-3. 

Guns, Automatic, 40-mm, Ml and Dual, Automatic, 40-mm, hS2. Twist of rifling: Increasing, 
1/4S to 1/3C. MV: 2800 fps (the MV for a new gun is 2870 fps). Weight of Shell with Tracer and Feme: 
1.965 lb. OCM items 17175 and 17250 recommeadel and ^proved the standardiaatUm of the Qtick Firing 
Hi^ Explosive Shdl Mark 2 with Tracer and Delay Actlm Pez^mssion Fuze No. 251 Mark 1. OCM items 
20391 and 20729 recommended and ap|»roved the reclassification of the Detonating Fuze Mark 27 from 
substitute standard to standard and the adoption of the Point Detonating Fuze M71 as alternate standard. 
The Shell-destroying Tracers Mark 27 and Marie 27 Med 2 are standard; the aiell-destroying Tracers M3 
and M3A1 are alternate standard. 

a. Forai factor and baUlstlecoefBeliMt (Projectile Type 5). At all elevations: 
ig - 0.947 

Cg ■ 0.845 

b. Trajectory data. Part 1 of the firing tables contains trajectory data for antiairciaft fire; 
Part II, differential effects; and the Appesjdix, trajectory and time curves. 

10,850 yd 
7,flKyd 


Maximum horizontal range 
Maximum ordinate 
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MLLBUC APO ENGINEEraNC DATA 


aicnoN V 


FngmentAtl(» 


BrFICTDATA 




8. rmwoitiUnn No iirsgmenUtlon tests ot the 40-mm Shell Marie 2 with its standard loadii% 
of TNTlhaee been cooducted here, but Ptcationy Arsenal has detonated five Shell Mark 2 loaded with Ednatol 
(60 to 00% sthylenediBitramine attd SO to 40% trinitrotoluen^l ia a sand pit, and recovered the fragments 
(l^st Record No. ISd^S). The average wei^t of the loaded &iell was 1.765 lb; of the empty shell, 1.615 lb. 
The following table shows the average number and weight of the fragm^ts in each of four groups. 


Weight 

Number 

Weif^t of 

Percent of 

Zmie 

of 

Fragments 

Empty Shell 

grains 

Fragments 

lb 

Recovered 

0-75 

197 

0,60 


75 - 150 

14 

0.23 


160 - 750 

13 

0.45 


760 -2500 

1 

0.24 


Total 

226 

1.53 

64.7 


10 
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BALLETIC AND ENGINEERtNG DATA 
for 

Shot, AP, 40.mm, M81 or M81A1 


with Tracer 

Section Paragrai^ 

I General - 1 

n Description -- 2-4 

m Interior ballistic data - - - - 5 

TV Exterior ballistic data - - - - 3-7 

V Effect data.. 8 


SECTION I 
GENERAL 


Paragraph 

Purpose- - — 1 

1. Perpoae. The purpose of this number of the handbook is to fuml^ a concise collection of infor¬ 
mation regarding the ^lape, dyramics, ballistics and effects of the 40-njm Armor-piercing Shot M81 or 
M81A1 with Tracer, This information is collected from the drawings, reports, firing tables, ai«i technical 
manuals pertaining to this ammunition. 









FOR SHOT. AP, 40-MM, MSIAI 


BRLH 40-14) 
2-5 


sictTCifn 

S18CR1PTI0N 


Paragfan^i 


DrawiBgs - ------ 2 

Dimoosions - - — ----- — - - - -- 3 

Physical characteristics-- — - . 4 


2. Drawlnfs. 


Shot: Metal jjarts assembly 

75-2-311 

Details 

75-2-312 

Tracer 

76-14-333 

3. DiaMnsioos. 

Band: Distance from base 

0.5C7cal 

Width 

0.400 cal 

Body: Cylindrical Iragth 

1.575 cal 

Windshield: Length 

2.330 cal 

Radius of c^val arc 

5.830 cal 

Shot: Total length 

3.805 cal 

4. pkyaSeal eban^riatiea. 


Wel^t (standard) 

1.86 lb 

Base to c«jter of gravity* 

1.21 cal 

Axial moment of inertia* 

0.574 lb. 1 

Transverse moment of Inertia* 

2.64 lb. ‘ 


• Estimated on the basis ol measuremeits of the 37-nun Armor-pierclBg Capped Shop M51, 


SECTION m 

INTERZOR BALLISTIC DATA 


Paragraph 

Theoretical yaw in bore - -- — 5 

S. Theoretical yaw in bore. 

Minimum 2S min 

Maximum 32 min 


3 


















HILH 40.t4f 


SAUtmC AND ENGtNEEICNC DATA 


SSCTTOKIT 

KXTERIOR BALUSnC DATA 


Paragraiai 


ACTOdynamlc data - - ---- 6 

Firing table data - - ---- 7 


6. Aarodynamle data. 

a* Drag. With the Gg drag function, the balllsttc coeftlcient was deterzalned from the time of 
flight at 600, 1000 and 1500 jrards and the elevation at 7500 yards nmge. The exurapolated value at zero 
raage is 0.615 (see par. 7b). The corresponding form factor, relative to Projectile Type 6, is 1.285. Hezuse, 
the drag coefficient is 0.142 at the standard muzzle velocity of 2870 fps. These data were obtained with the 
AP Slot M81, bat are i^iplicable to the AP Shot M81A1, since its ccmtoor is only slightly different. 

b. Stability. No stability firings have been done with the 4C-m!n AP Shot M81 or M81A1. The 
stability^ factor, estimated from that of the 37‘mm Armor‘plercing Caused Shot MSI (given in l^llistic 
Eesearch Laboratory Report No. 22S, ’^Stability of 37-nun RE Shell M63, AP Shot MSI, atzd Proof Projectile 
U62r) at velocities of 1350 and 2750 fps, for a twist of rifling of one turn in 30 calibers, is 2.58. 
f, nrli« WMe data. FT40AA>A-3, 

Ouna, Automatic, 40-mm, Ml and Dual, Automatic, 40>3un, M2. Twist of rifling; Increasing, 
1/45 to 1/30. MV: 2800 fps (the MV for a new gun is 2870 fps}. Weight of Shot with Tracer: 1.961b. 

OCM items 17876 and 17750 recommended and approved standardization of the Armor-piercing Shot M81. 
The M81 Slot is now classified as limited rtandard, and the M81A1 standard. 


4 
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SECTION V 
EFFECT HAIA 


Paragraph 

Penetration - -- ---------------------- 8 


8. Penetration. 

a. Ballistic limits. 


Plate 

Ba’.* .'tic 


Number 

Thickness: 1.5 in. 

Limit 


in 

Obliquity: 20° 


fps 

Average 

Face“hardened 

Army 

2004 

4 


Navy 

1972 

39 

Homogeneous: 

.Brinno! No. 269 

Army 

2088 

12 
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Ballistic Research Laboratories 
Handbook of Ballistic and 
Engineering Data for Ammunition, 
No. 57-1-306 


Ballistic Research Lab. 
Aberdeen Proving Ground, 
Maryland. 

2 March 1949 


BALLIo'nC AND ENGINEERING DATA 
for 

Shell, HE, 57-mm, M306 
with 

Faze, PD, M89 


Section Paragrai^s 

1 General--- 1 

n Description- 2-4 

III Interior ballistic data- 6 

IV Exterior ballistic data-- 6-7 

V Effect data - » S-9 


SECTICW I 
GENERAL 

Paragraph 

Parpo.se - 1 

1. Purpose, The purp<ose of this number of the handbook is to furnish ?. concise colleciion of irdor- 
mation regarding the shape, dynamics, ballistics and effects of the 57-mm High Explosive Shell M308 wttli 
the Point Detonating Fuze M89. This ia^orma. .n is collected from the drav/ings, report'', firing tables, and 
firing records pertaining to this ammunition. 


I 









DIMENSIONS IN CALIBERS 









FOR SHELL HE, 57.MM. M306 BRLH 57-1.306 

2-4 


sec'iioN n 

DESCRlpnOK 

Paragraph 


Drawings - 2 

Dimensions— — - -- - — — — — -- 3 

Physical characteristics 4 


2. Drawings. 


Shell: Metal parts assembly and details 

75-2-359 

Fuze: Assembly and details 

73-2-233 

Details 

73-2-234 and 235 

3. DimensiooB. 

Chamfer: Angle 

10‘ 

Length 

C.QS5 cal 

Band: Distance from chamfer 

0.345 cal 

Distance from base 

0.40 cal 

V/idth 

0.15 cal 

Cylindrical body: Length 

1.47 cal 

Ogive: Length 

0.546 cal 

Radius of arc 

2.01 cal 

Fuze: Length (outside) 

0.765 cal 

Length: Shell 

2.07 cal 

Shell and fuze 

2.835 cal 

Ogive and fuze 

1.31 cal 

4. Physical characteristics. 

Weight (standard) 

2.75 lb 

Weight (as tested) ♦ 

2.86 lb 

Base to center of gravity 

1.237 cal 

A^al moment of inertia 

2.18 lb. 

Traverse moment of iTiertla 

e.S9 lb. 


• Sec 3EL Memo Rejjorts 300 and 348D. 
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BALUSTIC AND E7KUNEER1NG TATA 


SECTION m 

INTERIOR BALLlSnC DATA 


Paragraph 

Theoretical yaw In bore - -- -- -- -- -- -- -- -- -- -- -- -- 5 

5. ■Rjeoretical yaw In bore. 

Minimum 11 min 

Maximum 18 min 


SECTIW IV 

EXTERIOR BALLISTIC DATA 


P aragraph 


Aerodynamic data - -- — — - — - - — - - --- — - -- 6 

Firing table data - -- -- -- -- -- -- -- -- - — - 7 


6. Aerodynamic data- 


a. Drag. 

Drag function G, 

Form factor (from time of flight) 0.^6 

Velocity (fps): Muzzle 1200 Mean 978 

Drag coefficient, 0.191 0.106 


b. Stability. These data were obtained with the experimental Shell T22 with a PD Fuze; its 
physical characteiistlcs are given In paragraph 4 (see Ballistic Research Laboratory Me.T.orandum Repcrt 
No. 300 and 348D). 


Muzzle velocity 1176 fps 

Twist of rifling 1/30 

Stability factor (standaird) 1.52 

Moment coefficient, K,, 1.31 


7. Firing table daU. FT 57-E-l, 

Rifle, 57-mm, MIS. Twist of rifling: l/30_. Muzzlo velocity; 1200 fps. OCM items 27443 and 


28073 recommended and approved standardization cf the KE Shell M506, 


4 
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BAlXISnC AND ENfG!NEER!NG DATA 


SECTION V 
EFFECT DATA 


Paragraph 


Sand pit fragmentation - - - ------ 8 

Pa ffegmentatlon---- - — ---- 9 


8 . Sand pit fragmentation. The data given In this paragraph were extracted from Firing Record 
P-38375. Five HE Shell T22 were placed In boxes and detonated statically by means of an electric blasting 
cap connected to the PD Fuze T119E1, which was modified for this purpose. The fragments were separated 
from the sand by means of a magnet and grouped according to weight. The following table shows the average 
number and weight of the recovered fragments. 


Weight zone 

No. of 

Weight 

Percentage of 

(grains) 

Fragments 

ab) 

Empty Shell 

Oto 60 

428 

0.82 


50 to 75 

16 

0.13 


75 to 150 

12 

0.16 


150 to 760 

1 

0.03 


Total fragments 

457 

1,14 

54 

Scrap 


0.35 

17 

Total fragments and scrap 


0 ? 

71 

Empty shell 


2.11 

100 

Loaded shell 


2.63 



9. Panel fragmentation. The data given in this paragraph were extracted from Firing Record 


P-38069. The panels consisted of 1-lnch dressed No. 3 pine boards 9 feet high, placed In two semi-circles 
with radii of 15 and 30 feet. Each of five HE Shell T22 was placed at the common center of the semi-circles, 
with Its axis in a horizontal plane that bisected the panels, and detonated statically by means of an electric 

blasting cap connected to the PD Fuze T119E1, 

which was modified for this purpose. Fragment velocities 

were obtained by means of screens placed 15 feet from the shell. The following table shows the average 
weight of shell, fragment velocity, and niunber of fragments that penetrated the panels. 

Weight of shell 


2.68 lb 

Fragment velocity; 

Side spray 

4259 fps 


Nose spray 

1332 fps 

No, of fragments: 

Perforations 

Penetrations 

15-ft radius 

146 

471 

30-ft radius 

67 

19? 

Total 

513 

ms 
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Handbook of Ballistic and 
Engineering Data for Ammunition, 
No. 57-1-307 
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Aberdeen Proving Ground, 
Maryland. 
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BALLISTIC AND ENGINEERING DATA 
for 

Shell, HEAT, 57-mm, M307 


with 

Fuze, PI, M90 

Section Paragraphs 

I General--- ] 

11 Description- 2-4 

ni Interior ballistic data-. 5 

p/ Exterior ballistic uata - - - 6-7 

V Effect data- -. 8 


SECTION 1 
GENERAL 


Paragraph 

Purpose - -- -- -- — 1 

1. Purpose. The purpose of this number of the handbook is to furnish a concl'’® collection of infor¬ 
mation regarding the shape, dynsimics, ballistics and effects of the 57-mm High Explosive Antitank Shell 
M307 wtth the Point Initiating Fuze M90. This information is collected from the drawings, reports, and firing 
■ <les pertaining to this ammunition. 
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* 

FOR SHOl, f«AT. 57.MM. M307 


sEcnoHn 
. DKSciapncK 


Parogra^ji 

Drawings-- - 

Dimensions - -- 

Kiyslcai characteristics 


2. Drawii^. 


Shell: Metal parts assembly and details 

75-2-353 

Details 

75-2-354 

Fuze: Assembly 

73-2-^6 

Details 

73-2-237 and 23S 

8. DlBtWMtiflBB. 

Closing plug: Length (outside) 

0.10 cal 

Shell body: Base to band 

0.40 cal 

Bandwidth 

0.15 cal 

Base extension 

0.07 cal 

Chamfer angle 

10“ 

Cylindrical length 

2.12 cal 

Threaded length (under iuze) 

0.2i cal 

Total body length 

2.35 cal 

Fuze: Body length (outside) 

0.30 cal 

Ogive length 

0.82 cal 

Radius of ogival arc 

2.00 cal 

Total length 

1.12 cal 

Length: Shell (body and closing plug) 

2.35 cal 

Shell and fuze 

3.47 cal 


4. Physieml characteristics. 


1 Shell 1 

Lot 

Dwg 75-2-353 

No. 

Rav - Date 


Weight 

lb 


CGto 

Base 

cal 


Moments « 
Inertia - lb. in 


Axial 1 Transversa 


2.71 

2.70 


1.353 

1.269 


10.42 

9.756 


PA-E-T45-187 

MG-1 

GR-2X 


— 24 Oct 44 

1- 3 Mar 45 

2- 6 May 45 


(Standard) 


2.20 

2.088 


W CO •>»< 






























Steu. I«AT. W67 
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1, riTistf id»!« d»t». FT S7»S-2 (abridgsd). 

RiSe, 57-Hira, MIS. Twist of rifliag: :L/30, i&zzl? velocity; 12CX) fps. OCM Items 27443 aod 28073 
j^ecoaunended acd aj^roved standardization of the SEAT Shell M307. 

a. Form fastor and balUsUe coeCi e teid. The following form factor and ballistic coefficient re¬ 
lative to Projectile Type 1 ^ly to ail elevations. 


















POR SHELL HEAT, 57-MM. WO? 


BRIM 57-t.m 
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BALLISTIC AND ENGiJJEERiKC D.ATA 
for 

Shell, HE, CO-iarn, M49.A2 
with 

Fuze, PD, M52A1 


Section Paragrat^ 

I General--- 1 

n Description- 2-4 

in Exterior iailistic data.-5-6 


Bailisti: Re^arch Laboratories 
HaKS>o<(r: of Ballistic aisi 

Eci^ine^ 'fin^ Data for AiBiQUiiitiou, < 

No, 60- x-49 


SECTION 1 
GENERAL 

Paragraph 

Purpose- - - - - --- - — .. — - --- — 1 

1. Purpose. The purpose of ibis number of the handbook is to fumisl; a concise coUecticn of Irdor- 
matlon regardU^ the shape, dynatnlcs and ballistics cf the eo-mm High Explosive Shell M49A2?.ith tliC 
Pomi DetcnatlTig Fnxe MS2A1. This infonnatlon ts ccllected from the drawings, reports artd firir^ tables 
pertaining tc this ammunittcn. 


1 



























FCWl SHEU, HE. iO-MiM. ^«9A^ 


BRLH 6C-,^ 
2.4 


SECTK^-n 

DEr.OHlPTlC»i 


Dra%';ngs --- - — --- — 

Dur.ensicns - -- - — ---— - — 

Physic charasteristics - — --— - 

2. DraiFicgs. 

Shell: Melai parts shipping assembly and details 

Fins: .assembly and details 

Fuae: Assembly ar«d details 

Complete round; Assembly and markicg diagram 

3. Diinecsicms. 

Fins: Kumber 
Lei%tl. 

Len^S of assembly Ccuistae; 

Sissl: r.adius d arc benind bctrrelel 
Lei^h of rear part 
Ler^h oi botirrelet 
Length of front pan 
Toui length 

?U:e; Let^th (csnside) 

Length: Shell and fin assembly 

Shell, fia assembly, and fuze 

4. Physical characteristics. 

Weight istandard; 

Center of gravtty to nose 
Trarssverse moster.t of inerttr» 


pr. 


75- 2-2S6 

76- 2-25'5 
73-1-161 
75-1-SS 


0.80 oal 
O.ei cal 

8.33 cal 
1.43 cai 
0.21 cal 
O.-iS cai 
2.12 cal 


1.00 oal 

3.03 cal 
4.02 oil 

2.C^6 rc 
!.S6c cal , 


U% Iv} 
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SWJLSTK and EKCC'CERSNC D^TA 


SECilQt 31 

CTSRICa BALUSnC DATA 


Aarodynamic daxa - 
Firtn? teble data - 


S, AarcdynaiaJs da^ 

a. Drag cxsefficte:^ Tr.e : 

paragr30s 6a. 

Afczzla Velcctty 
fps 

IsS 
»2 
.T»7 
443 


Drag Cc-eftic.^t 


.C€c 


,067 

,,iVg 


b. Heiaeat co^iickfits. Baiitstic Research I^afacrajcry Report Nc. 336, "A.erfi.cars.cs 
SO-rsE Stall M49r.2 sith Fcz« M5£“. gives the Ernest coeeic.essis which have c<r«c aetsrctxec ; ,r 
projectile. The val«e of caitciated frtkE the chser.ed notattcca: per.cd tf the ae.l v-.t*. a Eia.: 
yasr of abo*A 15* at a attatii* veiccttvof 225 fp<f 's T.CF4. The raises ccap»jt^*i .'na the trr?.es h. " 
the Boreas of Standards is a visd tunsei at 5 ve;cc’.:y of 100 fps are sh-Oivr. cji tt- fchc* jtg ?, 
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BALLISTIC AND ENaNKRING DATA 


6. Firing table ta. FT 8C-A-3 and FT 60-A-4 (abridged). Mortar, 60-mm, M2 and M19. Smooth 
bore. Muzzle loadUig. Projectile weight: 2.98 lb. OCM items 14617 and 14617 recommended and approved 
standardization of theHE Shell M49 with the PD FuzeM49. OCM item 15196 classified the HE Shell M49A1 
(steel instead of cast iron) with the PD Fuze M52 as standard for limited procurement. OCM Items 16020 and 
16122 recommended and appro-ved standardization of the HE Shell M49A2. 


a. Form factors and balllstie coefficients. 

relative to Projectile Type 1 apply to all elevations. 


The following form factors and ballistic coefficients 


Charge 

Muzzle 

Velocity 

Form 

Factor 

3a\ll 

Joef 

No. 

fps 

^1 

'^1 

0 

189 

.62 

.850 

1 

292 

.73 

.7.30 

2 

377 

.78 

.680 

3 

449 

.81 

.658 

4 

518 

.82 

.650 
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SECTION I 
GENERAL 


Paragrai^ 

Purpose __ 1 

1. Purpose. The purpose of this number of the handbook Is to furnt.sl. a concise collection of Infor¬ 
mation regarding the shape, dynamics, ballistics and effects of the 60-mm lUumlnatlr^ Shell M83A1 with the 
Time Fuze M65Ai. This Information Is collected from the drawings, reports, firing table and firing records 
pertaining to this ammunition. 
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SHELL, iLLJUMINATING,60-MM, MSSAI 
FUZE,TIME,M66AI 







FOR SHHU. UX.UMNATING. 60-MM. MeSAI 
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SKCTIONn 

DESCRIPTrCK 


Paragraph 

Drawings - - -- 

Dimensions —- 

Physical characteristics 


2. DrawlafS. 


Shell: Body and loading assembly 76-14«350 

DetaUs 75-2-316 

Fins: Assembly and details 75-2-285 

Fuze; Assembly 73-3-177 

DetaUs 73-3-178,179 and 180 

Complete round: Assembly and marking diagram 75-1-143 

3. Dlmeasiotts. 

Fins: Number 8 

Length 0.80 cal 

Length of assembly (outside) 0.91 cal 

Body: Rear cylindrical part 0.1'' cal 

Conical lart I.IS cal 

Front cylindrical part 2.95 cal 

Total length 4.25 cal 

Fuze: Length (outside) 0.87 cal 

Length: Body and fin assembly 5.16 cal 

Body, fin assembly, and fuze 8.03 cal 

4. Physical characteristics. 

Weight (standard) . 3.77 lb 
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SALLBUC and ENGiNB£raNa DATA 


SKtlOKm 

SmonOR BALLISTIC SATA 


P&ragrapa 


Aerodywaitc data - ----- 6 

Firing tai)le data- - - ----... 6 


S. AarodfMMde data. Ths tsallistic coefiieieot of a 3.7-lb lUujnlnating Shell M8bi. . .ti^e to 
Projectile Type 1, determined at the lowest elevtUon tssed to the range firings with each pn pellii^ charge, 
and the eorrespoading form factor and drag coefficient are tabulated below. 


Muzzle 

Velocity 

Elevatton 

Ballistic 

Coefflcltmt 

Form 

Factor 

Drag 

Coefficient 

fp« 

<*«« 

^1 

1 ' 

*1 


315 

60 

.343 

2.01 

.177 


SO 

.327 

2.11 

.180 

430 

45 


2.12 

.176 


e. inrfivtaMedaia. FT 80-0-1 fabrfdged} 

Mortar, 00-ina, M2 and MiO. SmooOi tenre. Muzzle hadisg. Projectile weight; S.701b. OCM items 
18031 and 18110 reconuaumded and ap^ored ataadardization of the IllumLi«;"t’]g Shell MSS (propelled by 4 
increaMota of M4 powder) with Time Ft»e U8S, whtdthoraa for alxnt 15 sec. 

OCM item 29018 designated this pr;Yjecfllc the momlaating Shell M63A1 when propelled by 4 in- 
cremoits of MS pcwder. OCM item 31508 rwdassffled these projectiles as limited standard. 







FOR SHELL lli.UJiCNA'nNa SO-MM. WiiM 


BRLH e0-)43 
6 


iKBuRfUnM 
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-JI.iu i ^ji allj^up* 


SALUSTK AND E?«a.*i$ERlNC DATA 


% 

I 


sscnoHiv 

KFTECT DATA 


Faragra;& 

niamiBsttoQ ------ 7 

7. lUenteStew After bszsioe aboct 15 secoods, the fuse releases the casdle, which Is carried by a 
perachate. la the ftpctlcainr tesbt at the lUuminattng Shell M83A1, the cazKlles burned from 25 to 31 seconds. 
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SECTION I 


GENERAL 


Purpose 




1. Purpose. Tee pjrposs of this Dumber of the handbook ts te furnish a concise oeUectlon c! Srsfor- 
mation regardti^ the srape, dynaniic.s, ballistics arid effects ..f the K-nstn Smoke T^'Lite Pfccsphcrus' Shell 
MSC2 w.th tr.e Point Detonating Fuse M82. This Uifonnaiion is collected from the draw mgs, reports, and 
firing tables pertaining ic ibis a.nniunltlon- 
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SECTION n 
DESCRIPTION 


Paragraph 


Drawings - -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2 

Dimensions - -- -- -- -- -- - — - 3 

Physical characteristics - -- - — — — - 4 


2. Drawings. 

Shell: Metal parts assembly 
Fins: Assembly and details 
Fuze: Assembly 
Details 

Complete round: Assembly and marking diagram 

3. Dimensions. 

Fins: Number 8 


Length 

0.80 cal 

Length of assembly (outside) 

0.91 cal 

Shell; Ogivo-conicai boattail 

0.98 cal 

Boattail to bourrelet 

1.09 cal 

Bourrslet 

0.42 cal 

Body 

2,49 cal 

Adapter 

0,25 cal 

Total length 

2.74 cal 

Fuze: Length (outside) 

1.00 cal 

Length: Shell and fin assembly 

3.65 cal 

Shell, fin assembly, and fuze 

4.65 cal 

4. physical characteristics. 

Vteight (standard) 

3.9b lb 

Weight without safety wire and propellant 

3,95 lb 


75-2-360 
75-2-285 
73-1-195 
73-1-163,196 etc. 
75-1-218 
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B, -SnC AND ENGINEERING DATA 


SKCTIOM m 

EXTERIOR BALLISTIC DATA 

Paragraph 


Aerodynamic data ---------- 5 

Firing table data - -- -- -- -- -- -- — - -- - — - -- - — g 


5. Aerodynamic data. The following values of the drag coefficient were determined from the form 
factor given in paragraph 6a. 



156 .086 

244 .083 

316 .079 

380 .077 

439_^_ 

6. Firing table data. FT 60-F-l. 

Mortar, 60-mm, M2 and M19. Smooth bore. Muzzle loading. Projectile weight; 3 98 lb. OCM items 
26323 and 26708 recommeoded and approved standardization of the 60-mm WP Smoke Shell 1.1302 with the 
PD Fuze M82. 

a. Form factor and baUlstk coefflclent. The following form factor and ballistic coefficient t .alive 
to Projectile Type 1 apply to all elevations and muzzle velocities. 

ij 0.905 

C, 0.788 


4 









FOR SHELL SMOKE 60-MM. M302 


BRLH 60-1-302 
6 




■■WH 
■MBfi 

■•■■K_ 

■iuBniiuuM. 

■■■■■■■raMaar 
aBBBaaaaaaaBi 
.bbbbbbbbbbbbl. 
Ibbbbbbbbbbbbbi 

BBBBBBBBBBBBBI 

BBBBBIBBBBBBBI 

BBBBBBBBBBBBBI 

BBBBBBBBBBBBBI 

SBSUSSSnBKI 

.BBBBBBBBBBBBBI 

IBBBBBBBBBBBBBI 

Ibbbbbbbbbbbbbi 

Ibb bbb bb bbb bbbi 

iBBBBBBBBBBr ~~ 
tBBBBBBBBBBL^ 

Ibbbbbbbbbbbbi 

!«»»»**»“' 


laBS 


IBBi 

|BBBBiiBf|BBBBBBBBBBBiBij 
IBBBBBBBBiBiBBBBfBBBBiiil 
IBBBBBBBBBBBBBBBBBBBBBBBI 
BBBBBBiBBBBBBBBBBBBBaBlI 
BBiiBBBBBBBBBBBBBBBBSil 
BBBiBaBBBBBBBBBBBBBBBBBI 

S BBBBBBBBBBBBBBBBBBBiBBL_^_ 

issssussnsuasssissKr^iiaussss 


iiBi 


Ebbbbbbbbbbbbbbbbbbb^ 

iBBBBBBlBBBBBBBBBBBBr 
fBBBBBBBiBBBBBBBBaBri] 
iBBBBBBBBBBBBlBBBBBiMw 

|BBBBBiBBB|BiifBB|nBBiff--„^,^_ 

------==-liaaBr— 


BBBBBBBBBBI .. _ 

^MBBBBBBBBBBaBBBBBBBI 


.bbbbbbbbbbbbbbi 

iBaaBBBBBBBBBBBU- 

Ibb bbb bbbbbbbbbbi 

Iwffisa 
,JSS«L. 
lasKS 


IBBBB|K«BBBBBBBBBBBBB 

»aiiilas&sg{a» 
liisaial 


IBBBBB!!iBf.!iiilii!liB*2*|j 


iBBi 




■BBBI 








































FOR SHELL SMOKE (WPX 60.MM. M302 


BRLH 60-1.302 
7 


SECTION IV 
EFFECT DATA 


Paragraph 

White Phosphorus — —-------- 7 

7. White Phosphorus- White Phosphorus (WP) is a pale yellow solid which burns to white smoke in 
air. The smoke persists for 10 minutes and has the Scune odor as burning matches. The burning pieces 
adhere to the skin and clothing; they should be washed with copper sulfate solution or immersed in water. 
WP is used to screen advancing troops, to start fires, and to harass enemy observers. 
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SECTION I 
GENERAL 

Paragraph 

Pui'pose j 

1. Purpose. The purpose of this number of the handbook Is to furnish a concise collection of infor¬ 
mation regarding the shape, dynamics and ballistics of the 75-mm High Explosive Shell M41A1 with the 
Point Detonating Fuze M48A2 and the Time and Super-quick Fuze M54. This information is collected from 
the drawings, reports and firing tables pertaining to this ammunition. 
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SECTION n 
D38CR1PTI0N 


Paragraph 


Drawings — ----— - — -- 2 

Dimensions - — - --- —----- 3 

Physical characteristics — - — - ----- — - 4 


2. Drawings. 

Shell: Metal parts assembly, marking diagram 


and details 

Booster M20: Assembly 
Fuze, PD, M48A2: Assembly 
Details 

Fuze, TSQ, M54: Assembly 
Details 


75-2-25§ 
73-2-112 
73-2-140 
73-2-143, etc. 
73-3-154 

73-3-156, 157, 158, 159,160 


3. Dimensions. 


Boattall: Angle 

7*30* 

Length 

0.486 cal 

Barid: Distance from boatt&U 

0.273 cal 

Distance from base 

0.759 cal 

Width 

0.163 cal 

Cylindrical body: Length 

1.712 cal 

C^ve: Length 

1.077 cal 

Radius of arc 

6.194 cal 

Fuze: CXitslde length 

1.266 cal 

Length: Shell 

3.281 cal 

Shell and Fuze 

4.547 cal 

Ogive and Fuze 

2.343 cal 


13.8 lb 

13.9 lb 
14.2 lb 

0.118 lb. 
1.09 lb. ir 


4. Physical characteristics. 

Mean weight: Zone 1 

Zone 2 (staridaxd) 
Zone 3 

Axial moment of inertia (estimated) 
Transverse moment of inertia (est.) 
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BALJUsnC AI-ID ENGLNEERINC DATA 


AB C 



SECTJOKJS 

ABC 

-707 



DIAGRAM OF RESULTANT STRESSES 
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sECTTcw m 

INTERIOR BALLISTIC DATA 


Paragraph 


Stresses- -- — 5 

Theoretical yaw in bore — - --- — --— -- 6 


5. Stresses. The foilwing table and the graphical representation on page 4 show the longitudinal, 
radiat and tangential stress at each of three sections: (A) the rear corner of the band seat, (B) the front 


of the band seat, and (C) immediately behind the bourreleU 


Howitzer 
Twist of rifling 
Cross-sectional area of bore 
Rated maximum pressure 
Total weight of projectile 
Muzzle velocity 
Density of filler (TNT) 


75-mm Ml, MlAl, M2 areS M3 
1 /^ 

7.0043 sq In. 

29,000 psi 
13.90 lb 
1,270 fps 

0.057 lb per cu in. 


Resultant Stress* 
1 ® psi 


_S ection __ 

ABC 


Longitudinal - 180 

Radial 405 

Tangential - 707 


- 490 - 422 

+ 39 +47 

+ 342 + 284 


* + denotes tension, - denotes compression. 

8 . *111807611031 yaw in bore. 

53.6 min 

18.7 min 


Minimum 

Maximum 
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0ALU5TK: AND ENdNEEiUNG DATA 


SECTION IV 

EXTERIOR BALLISTK: DATA 


Paragraph 


Aerodynamic data - --— - --- 7 

Firing table data--- 8 


7. Aerodysunic data. The trajectories for the 75-mm Howitzers were based on the G.. drag function," 
with ballistic coefficients determined from range firings (see par. 8 b). The extrapolated values of the 
ballistic coefficient at zero elevation and the corresponding form factors and drag coefficients are tabulated 
below. 


Muzzle 

Ballistic 

Form 

Drag 

Velocity 

Coefficient 

Factor 

Coefficient 

fps 

S 

h 


705 

1.964 

.81 

.057 

830 

1.836 

.85 

.058 

965 

1.830 

.87 

.059 

1270 

1.714 

.93 

.149 


t. FiriflC table data. FT 75-1-4. 

Howitzer, 75-mm, MlAl, M2 and M3. Twist of rifling: 1/20. OCM items 16194 and 15278 recom¬ 
mended and approved reclassifying the HE Shell M41A1 as substitute standard for the Howitzers. 
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SECTION I 
GENERAL 


J 


4 


Paragraph 

Purpose-- - — - - - - --- — - -- -- -- - 1 

J 

1. Purpose. The purpose of this number of the handbook is to furnish a concise collection of infor- 
mauon regarding the s.hape, dynamics, balllstidb and effects of the 75-miii High Explosive Shell M48 with the 
Mectianl;al Time Fuze M43, the Point Detonating Fuzes M48A2, M51A4 and M57, the Time and Super-quick 
Fuzes M54 and M55A3, the Concrete Piercing Fuze WB, and the Variable Time Fuze M97A1. It also includes 
some data regarding the experimental High Exi-loslve Shell M48E2 and Variable Time Fuze 173. This infer- * 
mat.on is cGUecled fiom t.ne drawings, reports, flrtag taoles, and technical manuals pertaining tc this am.'nu- 
tiom 
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FOR SHELL HE, 7S>MM. M48 


E3\LH 7S-i-i5 
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SCnOKE 

DSSCEIPHO*? 


Paragra^ 

Drawii^s----- 2 

Diaensicns - 3 

Riysicai characteristics - -- -- -- -- -- -- -- -- -- -- -- - 4 


2. Pravisgs. 


Sjeil M48r Mslai parts assembly, marking diagram 
and details 

75-2-255 

Booster M2Q: Assembly 

73-2-112 

5<»st€r M2iA4: AssemKy 

73-2-154 

Fuze, MT, M43; Assembly 

7?.-?- 29 

Fuze, PD, M4SA2: Assembly 

Details 

73-2-140 
73-2-143, etc. 

J^, M51A4: A.ssembly 

Details 

73-2-146 
73-2-143, etc. 

Fuze, PD, iio"?: Assembly azxi details 

Details 

73-2-136 

73-2-133 

FiZe, TS4?, M54: Assembly 

Details 73-3-155, 157 

75-3-164 
, 158, ISe. 160 

F<ize, TSQ, M56A3: Assembly aad details 

(The Booster M21A4 and the TSC Fuae M5A are 
ccmposenls of the TSQ Fuze UiAAZ) 

F'rze, CP, KHS: Body assembly airf details 

73-5-155 

73-2-214 

$. 0imCR3lO&3. 


Bostiail: Ai^le 

Length 

5*00 

0.45 cai 

BaJKi. Dista.'ice frcu; bcaiUil 

Distance irc-m base 

ft 

0.27 cal 
cai 
G.20 cai 

Cyllndricsl fccdy Length 

2.'.2 

Cgl”e: Leisr-* 

Ibidius cf arc 

-S'. 

Sneli; unfozed: Lenfc 


Fjze (any except CP, I'T'b; Oiilside lei^h 

She.: and Fuze 

Cgtve io; Fuze 

2.41 i 


i 



m 
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BALUSTiC ANU ENGINEERING DATA 


Fuze, C?, M78: Ortsido length 
Radius of arc 
Shell and Fuze 
Ogive and Fuze 

4;^ Bftpiftail du>r%£teris£ic3. 

Fuze Mean Weight fio; 

ZoM 

1 2 3 

Standard' 


MT 

14.40 

14.70 

15.00 

?D 

14.40 

14.70 

15.00 

Tsq 

14.40 

14.'*0 

15.00 

CP 

15.12 

15.42 

15.72 

¥T 

14.65 

14,95 

15.25 


0.90 cal 
2.71 cal 
4.69 cal 
2.08 ccl 


Base to Moments of fcertia 

Center of gb. ft'^) 

Gravity TGdal Transverse 

(cal) 


2.043 0.1260 1.523 

2.037 0.1259 1.495 


siscnoNin 

IKTERICR BALUSTXC D.4TA 


Paragraph 


Stresses-------6 

Theoretical yasr la bore ----- 6 


It. asTjiw*. The following table .d the gra^lcai representation on page 5 show the longitudinal, 
radial and tangential stress at each of two sections; (A) the rear comer of the band st-at and (B) the front 
of the band seat.. 


Gun 

TWlst of rifling 
Cross-sectional area of bore 
Hated maimiiun pressure 
Total weight of projectile 
rStzzle velocity 
Daisltj of filler 

Besultaut Stress^ 
100 psl 

Longitudinal 

Radial 

Tangential 


75-mm, M1897A1 
1/25.586 
6.987 sq' .i, 

36,000 psi 
14.70 lb 
1,960 fps 
0.057 lb per cu in. 

Section 

A * B 

- 203 - 410 

+ 326 - 16 

• ®)5 + 438 


* + denotes tension, - denotes compression. 


3u. 'Sttesi&wiieaS yaw in here. 


) 


Mlnimtm; 

Maximum 


9 min 
13 min 
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SECTION IV 

KXT2RICHI BALLISTIC DATA 


Aerodynamic data — - ----- — — , 7 

Firing table data: Howitzers--- 8 

Firing table data: Tank Guns----- 9 

Firing table data: Aircraft Guns - ---- 10 


7. Aerodynamic data. 

a. Lois ot spin. Ballistic Research Laboratory Memorandum Report No. 297, "Spin Imparted 
by 75-imn Gun T13E1", gives data obtained by means of a radio spin sonde from five Inert M48 Shell with 

a dummy fuze that iias the same contour as the PD Fuze M48A2, fired from 75-mm Guns T13E1 v/lth special 
tubes that have a French form of rifling with a twist of 1/22. The average muzzle velocity was 2014 fps. 
Below are average data for times of flight from 1 to 18 seconds: 

Reynolds’ number, based on the translatlonad 

velocity and the c^lber of the shell and the „ 

Wnematlc viscosity of the air 2.30x10^ 

Axial couple coefficient, 0.00587 

Skin friction drag coefficient, C Vc 0.00175 

b. StaWlity. The Iteport on StabUUy Fiiii^ with 75-mm T3 Shell Fitted with M39A2 PD and 
T12 Mechanical Tima Fuzes" (Ordnance Program 4982, Technical Staff Test Program 1932-685) gives daia 
on stability for the Shell M48 {T3) with the MT Fuze M43 (T12) at muzzle velocities of 905, 1113, 1479, and 
2190 fps. The report on ’Stability and Damping of 75-ram HE Shell M40'’ (Ballistic Research Laboratory 
Memorandum Heport No. 203) gives data on stability for the Shell M48 with the MT Fuze M43A3 and the 
PD Fuze M48 at a muzzle velocity of about 1960 fps. The stability firings were done with tlie 75-mm Gun 
M1920 MVl No. 1, which was rifled with a twist of 1/25, ajxi a modified Aircraft Gun M4 with a tv/lst of 1/22. 
The twist of rifling is 1/20 for the 75-mm Howitzers, 1/22 for the Aircraft Guns M5Ai ajiid MIO, and 1/25,588 
(corresponding to an angle of 7*) for the Tank Guns M3, M 6 and M17 and the Antiaircraft Guns T6 and T22. 


6 
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BRLH 75.!-4d 
7-8 


d. Damping. The damping of the M48 Shell was observed in connection with Uae stability firings at 
1950 fps. The average values of the sum of the yawing moment damping factor f and the cross wind force 
damping factor k are tabulated below. 


Fuze 

f + K 

Probable Error 

MT, M43.A3 

2.82 

0.49 

PD, M48 

5.00 

1.08 

Both 

3.76 

0.77 


8 . Firing table data: Howitzers. FT 75-1-4 with C5. 

Howitzers, 75-mm, MlAl, M2 and M3. Twist of rifling; 1/20. OCM items 15065 and 15132 recom¬ 
mended and approved standardization of the HE Shell M48 for use in the Field Gun. OCM items 15194 arid 
15278 recommenaed and approved standardization of the HE Shell M48 for use in the Howitzer. 
































BRIH 75-1-48 
0 


BALUSrnC AND ENGINEERING DATA 


laaaaaHaaBaaBtfaaaaaa^ 


c.ELEVATION~ RANGE CURVES • 

I t I > I I t I t I I I I i I I i M I I • it I ! I I I ! 


iBaaBaaaaai 


:i:T> i I n r 


laaai 


± CHARGE kSAX RANGE 


iiaaaaan 


laaBa- 

laaaaai_ 

laaBaafa 

laaaaai. 

^aaaaaaa 
■laaaaaaa. 
laaaaaaaa 

Ininin...--- 

Ba.aaKtiaaaaai!-—— 

_jlaiiaBiiaB888aaauMaB8aBa&.— 

■BaaaraaaaaMaaaa a aaB iaa aBaaaaaEatiaB 
-.jBaBaiaBaBBttBBaBBBittiiaaaaaaaaBBa 

______■BaBaaa»aBaaBi(aiBaiBanBBaB8BnaB 

■a8BBBaaBaBaBBiiaBaiaaBaB«>aBaBaBatiBBBaaa- 

lluaaBa8aBa»BBBBaaBiaB8ai|aiaaaiii)aBaaBB 

^iKsssassssKsIsssSiHSp^^^^ 

vaBBaBBBBaBaaaaaBriiBBBBiniaBBfBfriBBBBa 

aBaBBBBaa-'--- 

■aaaBaaia 

■aaaBg- 

•WKaa. aaau-. 

_SaaSaaSniwiiaBai 

■BaBBBaaaBBaaaaiBaBanl 
■iaiaaaaaaiaiaiaaal 


iBBaaaai 


_ A waa Bi M aa w w a 

llaBBaaBaBBaai 

liaMBaaBBaBBi 


.aaagaaaa^ 

.vaaaaa 


liar" ‘" 


■aai 


laiaaiaiBaaaaBanBaSSriaB 
laaaaiaiBaaaaaa'aBaaaaaai 
lawfaaaaaaaaparatBaia aiij 
taiaiBaBBaaBivMiBnaar^ 
laaaaiaBBaBaaRaaaMaBi 
-laaaaaBaaaaaaaB'iai— 


Maaaai 


IKUl 


ssusa. 
isnsssffi 


■ ■ ai« M H w aa*. 

|aaB8BaaaaaBBar.i- 

laaBaaaaaaaaiiMafH 


laai 


laaaaaai 
Maaar 


Misaaaai 


laai 


4000 


9000 


8060 


10000 


IS 













13 

















BRLH 75-J-46 
S 


BAUJSnC AND ENONEERING DATA 

























































































































































































K > *“ 





BPJJ' 75 . 1 . 4 a 
8 


B/SLLISTSC AND ENGINTIEKNC DATA 





















iasf»» 

Isp 




E EFFECT OF T FPS INCREASE IN MUZZLE VELOCITY 


■KniiBMaiaBaMBaiHnBiMiPBiiBBnMBifMfiBSSiSiSSSSSl 


- 

■HI 





laai 





___ 

aaaiKSBaBaBBaBBBBBMBaaBaBaiBBaaaaa 

-- --^BBBBBBiiBaiaaBBBBBBBBiaiiBBBI 

iBBaBBBiBaBBaaBBBaaBBaafaaBBi 
IBBBBBaBaBBBaaaBBBBBBBBiBir— 

_ jaBBaBBaBBaaaBaBBaaiiailf! 

_ _BBBraaBBBBliBaaiBBBiBaBBiaaBaf 

_ayjaaaaa aBiyiaBaBBaaaaaaBaaaaaaaBaaaaBi. __ . . ^ 

sismujismgssaggBSgSiiBM 

-'aaaaaaaaaaaiBBiaagBgaaaaaaaBaBaBaaaaaaBa aBBaaaaa l 

fiBaaaBRa'^aiBBBBBaBBBBaiBaaaBBiBBBBBaBBaBBaaaaial 

::S88i8»4B8S888ffi|8888S88^ 

'igrirBBBBnR{|BaiBBaMBBBBaiBaainsaraBaaaaaBBaaiaaBBiiaaBBi._., 

--E-^aiaBaalBaBBBaBBfaBBBaBBBaBWiBa 

--iiaaBBa.a«BiiaBBBaBBaBaaBM 

-^BgaBBaiBaaiiBBBagaaBl 

_ _ ^iaaaaair- 

Kmmmmmmmumtmmjmmi _ 

^8Sf88nilSi8»888SiS8P» 


___^BBBBBBr/i 

laaBBBBBBI- 



^8pi88i8S8^{ 

' mBmmm mwtmwAmmmrA 

m8888slimr^ 

BBBBaaaaai- 

aiBBaaBari 




















FOR SHELL HL 75-^ tA46 


BRm 75. M8 

a 









BRLH 75-!^ 
8 


BALLISTIC AND ENGINEERING DATA 



20 










• - . 


FOR SHELL HE. 75.MM. M46 


BRLH 75-1-48 
6 
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BALLISTIC AND ENGINEERING DATA 


ISSSSSSSSSISS 


EFFECT OF 1% INCREASE IN AIR DENSITY 
(100% ;S STANDARD) 
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S»SBS8SSBpi^B8BB|BBSBBSB»ia85|i8»S88Sa^ 

fBBBaBaaaBBasiil^BaBiBHilBBBaBaBBaBBBBBBBBBBBBaBBuiBBBnn" 

MMgmiag jj i^^ajagBaagaaaiiaigm SBaiaBaia 
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*^000 4<XD0 


I0CK» 





























BRLH XS-MS 

9 


BAUJSTIC and E.NaN£ERiNG DATA 


S. 7Sxli!i^ ta&k datic TaskChms. FT75-AY-i. 

GunSf 75-raia, MS {moonted In Medium Tank M4 and mcdillcation. Including Assault Tank M4A3S£) 
M6 and Ml? (mounted in Light Tank M24). Twist of rifling: 1/25.586. 

CCM items 16840 and 16741 recommended and approved the use of the HE Shell M48 in the 75-mm 
Tank Gun M2, wMds Is new obsolete. 
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RALUSTIC and ENCyNEERlNG DATA 
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BAUISIK AND ENCINEERIf^i DATA 
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balustk: and ij^cneewng data 



















FOR SHELL HE. 75.MM. M4S 
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BALLISTIC AND ENGINEERING DATA 


liSiSKiBUisTBS^^ 
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■aaaaaaBBaaaaBaai 


iflaaaaaai 
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-jiaa^__ 
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laBBaBaar" 
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■aaaaaaa 
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iBaaMBaai 
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iaaaaaaai 
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iBamaa 
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aAUJS'nC AND ENGINEERING DATA 


N 
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10. Firing taMe data: Aireralt Guns. FT75AC-AW-L 

Guns, 75-inm, M5A1 and MIO (raouatsd in aircraft). MV: 1,950 fps. Twist of rifling: 1/22. 

Fuze: PD, M57. OCM items 20756 and 20991 recommended and approved the use of the HE Shell M48 in 
the 75-mm Aircraft Gun M4, which Is now obsolete. 

a. Aerodynamic constants. 


Form factor, i (relative to drag function for 
HE Shell M48 with PD Fuze M57) 

Ballistic coefficient, G (relative to drag function 
for HE Shell M48 with PD Fuze M5?) 

Normal stability factor, 

Damping constant, c' 

Dampii^ constant, c“ 

Windage jump coefficient, b 

Yaw-drag coefficient, 


1.00 


1.686 

1.867 

0.000, 964, 1 ft"^ 
0.000, 026, 6 ft"^ 
24,931 mils, fps 
16.4 rad'^ 


b. Trajeetory data. The firing tables a^dy to a gtm flexibly mounted to elevation on an airplane 
flying borlzoatally, zt mounted at a fixed elevation on a diving airplane, and firing at a target on the ground. 
They list the fbUowteg data and certain effects on them for true air speeds of 250 and 350 mph: 


Time of flight 

Horizontal-ai^le between the gun and the line of si^t. 
Vertical sx^ls between the gun and the line of sight 


) 

✓ 


38 













FOR SHELL, HE. 75-MM. M4a 
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SECTION V 
EFFECT DATA 


Paragraph 


Ricochet data — - -----— —-- — - -- 11 

Effectiveness —-— - --- - — -- 12 

Fragmentation — -— —---— - 13 

Penetration — — - . — — — — — . 14 


11. Ricochet data. The fr'iowing data oa ricochet of 75-inm HE Shell M48 with FD Fuzes M48A2 and 
M51A4 were taken from volume HI of "Terminal Ballistic Data", 
a. HOWSTZER, 75~HM, MlAl, M2 and MS 

TABLE 73 

TANK GUNS, 75-min, M3, M6 and Ml 7 


Range Angle of Angle of Impact Height PE In 
Fall Recovery to Burst at Burst Height 

of Burst 



yd 

mils 


yd 

ft 

ft 

Charge 1 

MV 700 fps 

1,C00 

109 

155 

26 

12 

2 

r 

4 

242 

265 

17 

14 

3 


3,Ova) 

415 

315 

7 

7 

2 
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BAJJJsnC AND E?«aNEERJNC DATA 


« 


b, TAH£ QUm, li-MM, M3, MS aod Ml? 

TABLE 74 

TANK GUNS. 75-MM, M3, M8 and Ml7 



Range 

Angle of 
Fall 

.Angie of Impact 
Recovery to Burst 

Height 
of Burst 

Height 
of Burst 


yd 

mils 

mils 

yd 

ft 

ft 

Reduced Charge 

MV 960 fps 

1,000 

59 

30 

40 

11 

2 


2,000 

126 

170 

33 

17 

3 


3,000 

208 

245 

26 

18 

4 


4,000 

SOI 

295 

17 

18 

4 

Normal Charge 

MV 1,500 fps 

1,000 

26 

45 

62 

8 

2 


2,000 

65 

100 

50 

15 

3 


3,000 

ilS 

160 

41 

19 

4 


4,CC-0 

1.74 

220 

33 

22 

5 


5,000 

240 

265 

28 

21 

5 


8,000 

313 

300 

19 

17 

4 


7,000 

304 

315 

?3 

12 

4 

Super Charge 

MV 1,360 fps 

1,000 

13 

25 

28 

2 

0 


2,000 

38 

60 

23 

4 

1 


3,000 

70 

105 

19 

6 

1 


4,000 

no 

160 

14 

7 

1 


5,000 

171 

215 

12 

S 

2 


6,000 

234 

260 

6 

7 

2 


7,000 

303 

295 

7 

6 

2 


8,000 

378 

315 

5 

4 

1 


J 


i 




n 



22. ESefiSSveBesa, The follow Sng data on eftccllveness of HE Shell M43 with PD Fuze M54 were talttn ^ 

from volume HI of "Terminal Balllotlc Data", 

SL KSMBKP. O? ROUNDS REQUIRED .\GAIN3T EK2MT ARTILLERY 
FOR 50% EFFECT TOR 10,000 SQ YD EM AREA FIRS 

HCWtl’ZER, 75-mn:, .MlAl, M2 and M3. 

Charge 4; MV 1250 fps _ _f 


Rar^e 


Type of y Ire 

---( 

Time and Impact | 

yti 

impact 

Time 

2,ax) 

210 

230 

i 

170 i 

5,000 

680 

700 

500 i 














FOR SHELL HE. 75.MM. M48 


8RLH 7J-I48 
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b, KUMB2R OIP aODKDS HBQUIEED AGAINST EJJSJtfY ARmJUEHY F<Hl 
S0% PEOBABILmr OF AT I^AST ONE EFFECITVE HIT IN AIMED FSRE 

(1) Howltser, ^5-isixo, MlAl, MS aed MS, 


Charge 4: 

MV 1250 fps 



^ Racga 



Type of Fire 


yd 

_ 

Impact 

Time 

Tim and Impact 

2,000 


24 

340 

43 

15.000 

_ 

460 

1400 

580 


(2) Task Gun, 75-raci, MS, M6 and M17, 
Supereharga: MV 1850 


Range i 


—TypTcTF'Ji- 


yd 

Impact 

Time 

Time and laifsct 

2,0)0 

7 

340 

15 

5,000 

120 

790 

1&3 


IS. Fragmentation, 

a. Sand pit test. The sand pU and fanel tests of HE Shell M48 with PD Fuse MSS were reported 
In BaTistic Reae&rct. Laboratory Repoit No. 126, "Fragmentation d the 75-mm HE She*l T3 as determined by 
panel a.-,d pit fragmentation tests". The weight of thj PD Fuze MSS Is 2.35 lb and Its contour is slightly dif¬ 
ferent from that of the PD Faze J,I48A2. 

(1) Four projectiles were placed in boxes and detonated in the snd piL The fragmen s '-ere then 
separated from L.e sand with a hand screen made of 0.03-inch wire with 4 mtshes per inch. Finally, they 
were grouped according to svzt by being sifted thru four screens with the feUewing average dimensions; 


shows the aver: 


Scree.'! 

Meshes 

Diam cd 

Size of Opening 

No. 

per 

wire, 

Side, 

Area, 


inch 

inch 

j:ch 

Sq in. 

1 


.16 

.84 

.71 

2 

£, 

1 4 

«.A*X 

.35 

.12 

3 

3 

.10 

.23 

.055 

4 

4 

.08 

• i * 

.025 

• average weight cf 

number and weight 

the shell aj.d fuze 

of tlie fragmen’s 

, Witiiout the nrr, 

in each group: 

was 

i3.29 lb. The 


table 


41 










BRLH 75.:-48 
13 


BAUiSTiC AND DATA 


Fragmeits cau^t by 
folicwiag screens: 

(A;^ of 4 rounds) 

No. of 
Frag- 
meuts 

% of total 

No. of 
Fragments 

Weight of 
Fragments 
lb 

% of empty Shell 
>ir«4 Puzo 

Screen No. 1 

8 

0.8 

2.043 

15.4 

Screen No. 2 

272 

34.9 

8.449 

63.6 

Screia No. 3 

256 

32.7 

1.713 

12.9 

Screen No. 4 

142 

18.2 

0.384 

2.7 

Thru Screen Nc. 4 

104 

13.4 

0.136 

1.0 

b. jpanel test. 

779 


ivm 

9515 


{1) Four panels were made of spruce boards with a consinal thickness of 1 inch. Pme], A was 
semicircular, with a radius of 15 feet, and 9 feet high: it was placed ca the left side of the line fire, and 
the ^ell Wcis detonated at the canter of the are, abo^t midway between die top and bottom of tht ,-aiiel. For 
the same rounds, panel B was placed an the right side of the line of fire, with the same center; it was 
semicircular, with a radius of 36 feet, and 9 feet high. Panel C was semicircular, with a radius cf T£ feet, 
and 12 feet high; it was located like panel A, but on different rounds. Panel D sxteKied for about 45* a; a 
radius of 120 feet, and was 12 feet high: it was placed opposite panel C, in such a positior. as to inciude the 
sidespray af rema'ailng velocities up to I ICO fps. The data given b-elcw were obtained from 5 rounls firea 
statically in a horizontal positton, 6 rounds with a remaining velocity of “^OC fps when burst, asxi 5 rounos »ith 
a remaining velocity of 1085 fps, with each pair of panels. 

(2) BRL Report 126 defines certain terms as follows; A perforatlag fragment .s one that travels 
ccmpleteiy thru the panel. A penetrating fr^tfrcaeat is cne that goes at i-east 1/16 inch into ths pans., but does 
aox go all the way thru, A unit ^iid aagle is 1/100 ci the solid angle sub.'-nded by a unit cf spheri.cal surface 
at unit radius. Polar angles are measured with respect to a horizontal coordinate system wiU. tts ongm 

at the center cf the panels, at an elevation midway between the lop am; bctmm of the ps^nels. a vs a-ssumed 
that the center cf gravity of the projectUe coincide.s with the origin of ccordLoates, mat the s.x\s of the s,he i 
Is horizontal, and that the polar axis lies alo:^ the exteimion of the shell axis In Uie cirect'.ors of tr.e noje. 

(3) Tne results of the pa.nsl test are shown by ne following magmeatatloa gensity - imlar smls 


curves. 
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c. Ca«iuBlti«s. All the foUcwltJg data oa fragmentation of HE Shell M48 with PD and TSQ Fuzes were 
taken from volume ITI of Terminal Ballistic Data" and TM 9-1907, '"Ballistic Data, Performance of Ammu¬ 
nition". The initial fragment velocity of this shell is 3,120 fps. 

TABLE 38 
CASUALTIES 

Average For the lightest 


Distance 
from burst 
(ft) 

Tttal number • 
of effective 
fragments 

number of 
effective frag¬ 
ments per sq ft 

effective fragment 
Weight Velocity 
(oz) (fps) 

r 

N 

B 

ro 

V 

2D 

1070 

0.213 

0.014 

2060 

30 

920 

0.0809 

0,018 

1820 

40 

750 

0.0375 

0.024 

1570 

eo 

640 

0.0141 

0,037 

1270 

80 

610 

0.0064 

0.051 

1080 

100 

460 

0.0036 

0.063 

972 

150 

370 

0.0018 

0.090 

813 

200 

320 

0,0006 

0.110 

716 

300 

250 

0.0002 

0.173 

687 

400 

200 

0.0001 

0.244 

494 


49 
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St^ELL DENSITY REQUJRED IN AREA RRE 
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Sl»*ERQUSCK GROUND BURSTS-NO SHIELDING 
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SALUSIK AND ENGINEERING DATA 


CASUALTIES 

TI^K 



~dO* 






^ eijoa 
INCLINATION 0* 

HEIQHT OF BURST 0 FT 
REMAINING VELOCITY 0 FPS 


^UW£ OF 





ATLEASriHfr 

PERJOSQFf 

AT LEAST IHIT 
PER4^FT 


INCLINATION 30* 

HEIGHT OF BURST 0 FT 
REMAINING VELOCITY 800 FPS 
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BALUSnC AND ENCOSEWNG DATA 


d. PtrCoradoQO-I/S-iodsilUdStsel. 

TABLE 39 

PERFORATION OF 1/8 IN. MILD STEEL 

Average For ihe lightest 


Distance 

Total cumber 

number of 

effective fragment 

from burst 

<a effective 

effective frag- 

Weight 

Velocity 

{ft) 

fragmsste 

meate per sq ft 

(oz) 

(fps) 

r 

N 

5 

m 

V 

a> 

534 

0.108 

0.049 

2380 

30 

442 

0.0391 

0.0S5 

2180 

40 

386 

0.0192 

0.082 

2010 

80 

SOO 

0.0066 

0,127 

1790 

80 

242 

0.0030 

0.135 

1580 

ioo 

197 

0.0016 

0.253 

1430 

ISO 

132 

0.0C06 

0.375 

1270 

160 

86 

O.OOCK 

e.oOS 

1160 

190 

57 

0.0001 

0.655 

1080 

225 

39 

0.0001 

0.820 

1020 
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SUPERQUICK GROUr® BURSTS - SHELD^G. 
TANK GUNS 

WIDTH OF FRINGE AROUND TAf^T Af^ 

TO BE INa.lX)n) IN FIRE AREA* 20 FT. 
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BALLISTIC AND ENGHfEERIKG DATA 
for 

Projectile, APC, 75-nun, M61A1 


with 

Faze, BD, M66A1 

Section Ftoagrai^ 

I General- 1 

n Description- 2-4 

m Interior ballistic data-- - 5 

IV Exterior ballistic data -- 6-7 

V Effect data.. 8 


S^TKaJl 

GENERAL 

Purpose - 1 

i. Purpose. The purpose of this number of the handbook is to furnish a concU*!^ at/ infor¬ 

mation regarding the shape, dyriainics, ballistics and effects of the 75-mm Armor-pierv. „ _^3ped Projectile 
M81A1 with the Base Detonating Fuze M66A1, wnlch contains a tracer composition. This information is 
collected from the drawings, reports, firing tables, aiid technical manuals pertaining to this ammuntti<Hi. 


Ballistic Ressardi Lab. 
Aberdeen Prouisg Ground, 
huarylacd. 

9 Idarch 1949 





















FOR PROjEOlLE. APC 75-MM, M6JA1 
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WtK 7S-I4t 
a.4 


SKCTSOWn 


DESCHIPTtOM 


Paragraph 


Ewawings - — - — _ 2 

Dimensions - -- -- -- -- — — — —---g 


Physical characterisilos 


2. Drawings. 


Projectile: Metal parts assenably and details 
Fuze: Assembly 

Details 

76-2-291 
73-2-178 
73-2-179 and 180 

3. Dimensions. 


Ftize: Length (outside) 

0.43 cal 

Band: Distance from base 

Width 

0.25 cal 
O.K A 

Fiody; Cylindrical length 

O^val length (outside) 

Radius of ogival arc 

1.95 cal 
0.15 cal 
1.29 cal 

Cap: Length (outside) 

Radius of ogival arc 

0.41 cal 
7.11 cal 

Windshield: Length 

Radius of ogival f rc 

1.95 cal 
7.11 cal 

Length: C^ve 

Projectile without fuze 

Projectile ami Juze 

2.52 cal 
4.48 cal 
4.90 cal 

4. iHiyslcal characteristics. 

Weight (standard) 

14.90 lb 


Base of projectile to center oi gravity 1.426 cal* 

Axial moment of inertia 15.80 Ib.ln? * 

Transverse moment of Inertia 105.7 ib.in^ * 

* Estimated from the values for the 3-tnch APC Projectile M62. 
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Theoretical yaw in bore - - - - - 

5. 1h«oretlesi yaw in bore. 

Mizdinam 

B^aairoom 


balustiC and engineering data 


SECTIOW m 

INTERIOR BALLISTIC DATA 


Paragraph 
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SECTION IV 

EXTERIOR BALUSnC DATA 


a 


a 




Paragraph 


Aerodynamic data — - - ----- g 

Firing table data--- 7 


6. Asrodynuoic data. 

a. Drag. A form factor a' 0.985 relative to the Gg drag function was determined by resistance 
firings at velocities of 1643 and 2007 fps. The correspojiding ballistic coefficient is 1.735. At a velocity of 
2030 fps, the drag coefficient is 0,H6. 

b. StaUlity. The moment coefficient, esttmatjed from known d&ta for the 3-tncb APC Projectile 
is 1..346 at a musale velocity of 3030 fps. The estimated stability factor is 2.66 for a twist of nfllng of 

1/25.586 (in Tank Guns hC3, M6 and M17) and 3.60 for a twist of rifling of 1/22 (in Aircraft Guns M5A1 and 
MIO). 

c. Tswing mojneid coefiflcient. The yawing moment coefficient is 4.2. This value was calculated 
by an empirical formula detennlxied by the values given la Table XIV of Ballistic Research Laboratory Report 
No. 357, "Damptag of Calibers ar.d .50 Bullets and 37-mm HE Shell". 

d. Cross wind forca cocfficletd. The cross wind force coefficient Is 0.256. This is the value 
calculated for the 3-lnch 15-lb HE Shell M1815, iisir« the drift for a range of 900Ci yards in FT 3-M»2 3-nd the 
velocities taken from the computed trajectory for an elevation of 10® and a muzzle velocity ZSCXi fps. 

The 3-lnch Shell Jdl915 and the 75-mm Projectile M6JA2 are approximately the same shape. 
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e. Magsms moment coeificlefit. The Magnus moment coefiicient, calculated by an emplHcal 
formula that applies to a large hunsber cf projectiles. Is ^ 0.30. 

7. Firing table data. FT7&.AY-1. 

Guns, 75-mm, M3 (mounted In Medium Tank M4 and modifications, Including the Assault rank 
M4A3E2) M6 and M17 (mounted la Light Tank M24). T«ist of rlfilr^: 1/^586, MV: 2030 fps, OCM items 
16119 and 16167 recommended and approved standardLaatioa of the AP Projectile M61- OCM Items 16640 
and 16741 recommended and approved auUiorization tor its use in the 75-mm Tank Gun M2, which is now 
obsolete. OCM item 17699 changed Its designation from Armor-piercing to Armor-piercing Capped Projectile, 

NOTE: OCM items 20758 and 2:^1 recommended and a;»roved authorization for the tme of the APC 
Projectile M61 la the 75-mm Aircraft Gun M4, which Is rifled with a twist of 1/25.5S6 and la now obsolete, 
and FT ?5AC-.*JC“2 gives firing table data for this materleL The APC Ph^jectUe M61A1 Is sow sta nd a r d 
ammunition for the 75-mm Aircraft Guns M5.A1 and MIO, which are rifled with a twist of 1/22, but no firing 
tables have been prepared for this combinatloa of guns and ammnnltloa. 
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ballistic and EhKilNEERlNC DATA 


SECTK»r V 

JEUrrciv^A Unx^ 


Penetration- 


Paragraph 

8 


8. PenetratlCHi. 

a. Ballistic limits. 


1 Plate 

Ballistic 

Number 

Type 

Thickness 

Obliquity 

deg 

Limit 


in 

Inches 

Type 

fps 

Average 

Face 

3 

20 

Navy 

1653 

41 

Hardened 

3 

30 


1807 

3 


3.5 

30 


1834 

2 


?, 

20 

Army 

1487 

' 


2 

30 


1699 

1 


3.125 

20 


1734 

8 


3.0625 

30 


1738 

28 

Homo- 

2.6 

20 

Army 

1744 

1 

geneous 

3 

/\ 

V. 


1594 

1 


3 

0 

Navy 

1797 

6 

__ 

3 

20 


1925 

26 
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b. Vulnerability of Gorman tanks. The following data on vulnerability of German tanks (Panzer 
kampfwagen) to AFC Projectile M01A1, fired from Tank Guns M3, M6 aal Ml? at a muzzle velocity of 2030 
fps, were taken from TM 9-1907, "Ballistic E>ata, Performance of Ammunition". 


M.\XDvlUM VULNERABLE RANGE - YARDS 


Tank 

- 

rv 

_VI_ 

Attack Angle 

0" 

25“ 

0“ 

25“ 

0“ 

25“ 

r'rontaj. 

Turret Sides 

3860 

4700 

3860 

4700 

1000 


Turret Front 

2r.5Ct 

1120 

2600 

1280 


— — 

Upper Hull Front 

1400 

—— 

1470 

—— 



Lower Hull Front 

720 

—— 

1200 

—— 


-— 

Flank 

Turret Rear 

5000 

4600 

4700 

3760 

1000 


Turret Sides 

3860 

4700 

3860 

4700 

1000 


Turret Front 

2250 

1120 

2500 

1280 



Upper Kxill Sides 

5000+ 

4960 

5000+ 

4960 

1000 


Lower Hull Sides 

500C+ 

4060 

5000+ 

4960 

2200 

1200 

figar 

Turret Rear 

5000 

4500 

4700 

3760 

1000 


Turret Sides 

3860 

4700 

3860 

4700 

1000 


Turret Front 

2260 

1120 

2500 

1280 

...« 


Upper Hull Rear 

2110 

1040 

5000+ 

4900 

300 

—- 

Lower Hull Rear 

2500 

12«) 

5000+ 

4960 

300 
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b. VulnerabiUty of German tanks. The followtog data on vulnerability of German tanks (Panzer 
kampfwagen) to AFC Projectile M61A1, fired from Tank Guns M3, M6 and M17 at a muzzle velocity of 2030 
fps, were taken from TM 9-1907, "Balll.stlc Data, Performance of Ammunition". 


MAXIMUM VULNERABLE RANGE - YARDS 


Tank 

_ m _ 

IV 

__V3_ 

Attack Angle 

0" 

25“ 

0“ 

25“ 

0“ 

mm 

Jj’rontai 

Turret Sides 

3860 

4700 

3860 

4700 

1000 


Turret Front 

27,50 

1120 

2500 

1280 


—— 

Upper Hull Front 

1400 

— - 

1470 

—— 



Lower Hull Front 

720 

—- 

1200 


—- 

—— 

Plank 

Turret Rear 

5000 
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SECTICW I 
GENERAL 



Purpose- 1 


1. Purpose. The purpose of this number of the handbook is to furnish a concise collection of infor¬ 
mation regarding the shape, dynamics, ballistics and effects of the 75-mm High Explosive Antitank Shell 
M66 v/ilh tne Base Detonating Fuzes M62A1 and M91. This information is collected from the drawings, 
reports, eind firing tables pertaining to ihis ammunition. 
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FOR SHEll, HEAT. 75.KtM. M66 


BRLH 75-1.66 
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SECTION n 
DESCRIPTION 


Paragraph 

2 


Z. Dranrings. 

Shell; Metal parts, assembly and details 75-2-314 

Ogive assembly, cone and details 75-2-315 

Fuze, BD, M62A1: Assembly 73-2-168 

DetaUs 73-2-169, 170 and 171 

Fuze, BD, M91: Assembly 73-2-239 

DetaUs 73-2-189, 170 and 240 


Drav/ings — - - — - 
Dimensions - - - — - 
Physical characteristics 


3. Dimensions. . 

Fuze, BD, M91: Length (outside) 0.28 cal 

BoattaU: Angle • 9"00’ 

Le.ngth 0,48 cal 

Band: Distance from boattaU 0.27 cal 

Distance from base 0.75 cal 

V/idth 0.16 cal 

Body: Lengtli of cylindrical part 2.11 cal 

Length of o^val jart 0.51 cal 

Radius of arc 7.45 cal 

Union: Length 0.17 cal 

Ogive: Length 1.77 cal 

Angle 22*20' 

Lengtli: Body 3.10 cal 

Ogive and union 1.94 cal 

Shell 5.04 cal 

Ogive, union, and ogival part of body 2.45 cal 

Shell and Fuze M91 5.32 cal 


Note: Fuze, BD, M62A1 Ls entirely inside of shell body. 








BRLH 75-1.66 
4.6 


BALUSTIC and ENaNEERlNG DATA 


4. Physical charactexistics. 
Fuze 

Weight (standard) 

Base to center of gravity 
Axial moment of Inenla 
Transverse moment of inertia 


3D M62A1 BD M91 

13.17 lb 13.37 lb 

1.656 cal , 

16,75 lb.in„ 

157,3 Ib.in^ 


SECTica? m 

INTERIOR BALLISTIC DATA 


Paragraph 


Stresses --------- 5 

Theoretical yaw in bore---—-- - — 6 


5. Stresses. Tne following table and the graphical representation on page 5 shov/ the longitudinal, 
radial arid tangential stress at each of three sections: (A) the rear comer of the bend seat, (B) the front 


of tlte band seat, and (C) immediately behind the bourrelet. 


Howitzer, 75-mm 



MlAl, M2, M3 

Twist of rifling 



1/20 

Cross-sectional area of bore 



7.004 sq in. 

Rated maximum pressure 



26.000 psl 

Total weight of projectile 



13‘37 lb 

Muzzle velocity 



1000 fps 

Density of filler (pentollte) 



0.0574 lb per cu In. 

Resultant Stress’ 


Section 


100 pst 

A 

B 

C 

Longitudinal 

- 162 

- 358 

-210 

Radial 

-(■ 384 

- 3 

+ 5 

Tangential 

- 643 

+ 292 

+ 171 

* -*■ denotes tension. 

- denotes compression. 


6. Theoretical yaw in bore. 

Minimum 

9 min 



Maximimj 

13 min 




\ 

J 
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BALUSnC AND £J'fCINS£Rlh’C DATA 


SKC-nOKIV 


KXTEHIOR BALLISnC DATA 

Paragratrfi 


Aerodynaitilc data - -- -- -- -- -- — - - — — - - — - 7 

Firti^ table data-- - — --—- 8 


7. Aerodfiumic data- 

su Drsf. The fora factor relative to Projectile Type 2, deteratced by resistance firings, and the 
correspcadlTig ballistic coefficient and drag coefficient are given below. 


Velocity 

_ 

111 

i(xx) 


Fora 

Factor 

.75 

.96 


Ballistic 

Coefficient 

2.01 

l.S-. 


Dra« 

CoeSlciegt 

.050 

.070 


I b. Stability, The stability factor was determined from flrii^ In a 75-mm Gun with a twist of 

! of 1/25.586 at a muzzle velocity of ICOC fps. The resullli^ stability factor is 1.22, arid the moment 

! coefficient la 2.26. With a tsrtst of rifling cf 1/20 {In the Eowltzers MIAl, M2 and MS) ai the same velocity, 
the stability factor wonld be 2.<X). 


8. Firlag table data- PT75>.M. 

Howitzers, 75-mm, MAI, M2 and M3. Twist of rifling: 1/20. Muzzle velocity: iOOC fps, F>rcjecti.e 
weight: 13.10 lb. OCM items 17638 and 17752 reccmmetsded and approved sta.ndardlzaixn cf tne KE.AI Cr.e.. 
M6e. 

The terminal velcclty was taken from Ballistic Research Laboratory Memorandum Report Kc. 2S6. 
"Tables of Impact Velocities for Mobile Artiliory Weapon^. 
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SECTION I 
GENERAL 

Paragraph 

Purpose -------------------------------- 1 

1. Purpose. The purpose of this number of the handbook is to furnish a concise collection of infor¬ 
mation regar-ding the shape, dynamics, ballistics and effects of the 75-mm High Explosive Shell M309 with 
the P'oint Detonating Fuze M48A2 or M51A4. This information Is collected from the drawings, reports, and 
firing tables pertaining to this ammunition. 
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FOR SHELL HE. 75.MM. M309 
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SECTION n 
DESCRIPTION 


Drawings - — — — — -- 

Dimensions - -- -- -- — - --- - 

Physical characteristics - -- 

2. Drawings. 

Shell: Metal parts assembly and deUiils 
Booster M21A4: Assembly 
Fuze M48A2: Assembly 
Details 

Fuze M51A4: Assembly 
Details 


75-2-365 
73-2-154 
73-2-140 
73-2-143 etc. 
73-2-145 
73-2-143 etc. 


3. Dimensions. 

Boattail: Angle 9°00' 

Length 0.325 cal 

Band; Distance from boattail 0.43 cal 

Distance from base 0.775 cal 

Width 0.115 cal 

Cylindrical body: Length 2.27 cal 

Ogive: Length 1.19 cal 

Radius of arc 7,45 cal 

Fuze: Length (outside) • 1.265 cal 

Length: Shell 3.785 cal 

Shell and fuze 6.05 cal 

Ogive smd fuze 2,455 cal 


4. Physical characteristics. The HE Shell M309 is a modification of the HE Shell M48. 

Mean weight; Zone 1 14.101b 

Zone 2 (standard) 14.40 lb 

Zone 3 14.70 ib 
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BSyjH 75.I-3C9 

5.7 


SAUJSnC AND ENaNEERlNG DATA 


Theoretical yaw In bore 


SECTICW m 


INTERIOR BALUSTIC DATA 


5. Theoretical yaw in bore. 

Minimum 

Maximum 


5.4 min 
10.2 min 


Paragraph 

5 


SECTION IV 


EXTERIOR BALLISTIC DATA 


Aerodynamic data 
Firing table da:a- 


6. Af^^isdynamic data. 

Drag function 

Form factor (from time of flight) 
Ballistic coefficient 


Paragraph 

6 

7 


Muzzle velocity 1000 fps 

Drag coefficient, 0,077 

7. Firing table daU. FT76-BB-1. 

Rifle, 75-mm, M20 (Recoilless). Twist of rifling: 1/22. Projectile weight: 14.40 lb. Mu: ..le 
velocity: 990 fps. OCM items 27807 and 28547 recommended and approved standardiralion of the 75-mm 
Rifle M20 and the HE Shell M309 with the PD Fuze ?<451A4. The f'.nng tables are also applicable to the HE 
Shell M309 with the PD Fuze M48 a.nd modifications of it. 
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FOR SHELL HE 75.MM M309 


BRLH 75-1.309 
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SECTION V 
EFFECT DATA 


Paragraph 

Fragmentation - - —--- 8 

8. Fragmentation, The fragmentation of the Shell M309 should be approximately the same as 
that of the HE Shell M48; of which it is a modification. For data on fragmentation of the M48 Shell, see 
BRLH 75-1-48. 
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SECTION! 

GENERAL 

Paragraph 

F>urpose- - 1 

1. Purpose, The purpose of this aumoer of the handbook Is to furnish a concise collection of infor¬ 
mation regarding the shape, dynamics, ballistics and effects of the 7b-mm High Explosive Antitank Shell 
M310 with the Base Detonating Fuze M62A1 or M&l. This information is collected from the drawings, re¬ 
ports, and firing tables pertalnir<g to this ammunition. 

















FOR SHELL HEAT. 75.MM, M310 


BRLH 75.|.3t0 
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ascnoMn 

DE8CWPTI0H 


Paragraph 

Drawings — — - --—---- 

Dimensions - — — - — — —-— ■ 

Physical characteristics - -- - —-- — <•- 

2. Drawings. 

Shell: Metal parts assembly and details 75-2-386 

Ogive assembly, cone and details 75-2-315 

Fuze, BD, M82A1: Assembly 73-2-168 

Details 73-2-160 170 and 171 

Fuze, BD, M91: Assembly 73-2-239 

Details 73-2-169, 170 and 240 


3. Dimensions. 

Fuze, BD, M91: Length (outside) .19 cal 

Boattall: Angle 9*00 

Length 0.33 cal 

Band: Distance from boattall 0.43 cal 

Distance from base 0.76 cal 

Width 0.115 cal 

Body: Length of cylindrical part 2.26 cal 

Length of ogival part 0.51 cal 

Radius of arc 7.45 cal 

Union: Length 0.17 cal 

Ogive: Length 1.77 cal 

Angle 22*20’ 

Length: Body 3.10 cal 

Ogive and union 1.94 cal 

Shell 6.04 cal 

Ogive, union, and ogival part of body 2,45 cal 

Shell and Faze 5.23 cal 


Note: Fuze, BD, M62A1 Is entirely inside of shell body. 
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BALUSnC AND ENafi'EERlNG DATA 


4. Physical characteristics. The HEAT Shell M310 is a modification of the HEAT Shell M66. Its 
sUmdard weight Is 13.08 lb. 

SECTICaJ m 

INTERIOR BALLISTIC DATA 

paragraph 

Theoretical yaw In bore - -- -- -- -- -- -- -- -- — - - — - - 5 

5. Theoretical yaw in bore. 

Minimum 5.4 min 

Maximum 10.3 min 

SECTIC»I IV 

EXTERIOR BALLISTIC DATA 


Aerodynamic data 
Firing table data 



8. Aerodynamic data. 

Drag function Gg 

Form factor (from time of flight) 1.23 

Ballistic coefficient 1.22 

Muzzle velocity 1000 fps 

Drag coefficient, 0.087 

7. Firing Ubls daU. FT 75-BB-l. 

Rifle, 75-mm, M20 (Recollless). Twist of rifling: 1/22. Projectile weight; 13.1 lb. Muzzle 
velocity; 1000 fps. OCM Items 27907 and 26547 recommended and approved standardization of the 75-mm 
Rifle M20 and the HEAT Shell M310. 

a. Form factor and ballistic coefficient (Proj Type 6). The following values apply at all elevation 
ig « 0.84 


Cg = 1.781 
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SAUiSTlC AND ENaNEERJNG DATA 
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f.RANGE EFFECTS OF 

I FPS INCREASE IN MUZZLE VELOaTY(1000FPS IS STANDARD), 
{•F INCREASE IN AIR TEMPERATURE (99*F IS STANDARD), 

I MPH REAR WIND (OMPH IS STANDARD), 

1% INCREASE IN AIR DENSITY (100%) IS STANDARD) 
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BALUSTIC and ENaNEERJNG DATA 


SECTION V 
EFFECT DATA 


Paragraph 

Panetration ---—-- 8 

6. PeBCtratlOEu The a'’-'rage penetration of homogeneous armor plate by 75-min HEAT Shell M310 
is 3 inches. 











